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(57) Abstract

communication range to improve system performance.

An apparatus and process for improving the performance of a cellular communication system using direct sequence spread spectrum
techniques. The apparatus and process enable dynamic modification of communication system parameters including PN code length,
chipping rate and modulation technique for transmission of a data packet. Modification is based on proximity of the transmitter and
receiver, transmitter and receiver capabilitics, and other factors. The system evaluates tradeoffs between data transmission speed and
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Title: CELLULAR COMMUNICATION SYSTEM WITH DYNAMICALLY MODIFIED
DATA TRANSMISSION PARAMETERS
CROSS-REFERENCE TO RELATED APPLICATION

This application is a Continuation-In-Part of Seriai No. 08/523,942, filed September 6,
1995, entitled CELLULAR COMMUNICATION SYSTEM WITH DYNAMICALLY MQODIFIED
DATA TRANSMISSION PARAMETERS, the entirety of which is incorporated herein by
reference.

TECHNICAL ?IELD

This invention relates generally to the field of wireless data communication systems and,

in particular, to a direct sequence spread spectrum cellular communication system which
dynamicaily modifies data transmission parameters to enhance system performance.
' BACKGROUND ART

In recent years, the use of cellular communication systems having mobile terminals which
communicate with a hardwired network, such as a local area network (LAN) and a wide area
network (WAN), has become widespread. Retail stores and warehouses, for exampie, may
use cellular communications systems to track inventory and replenish stock. The
transportation industry may use such systems at large cutdoor storage facilities to keep an
accurate account of incoming and outgoing shipments. |In manufacturing facilities, such
systems are useful for tracking parts, completed products and defects.

A typical cellular communication system inciudes a number of fixed base stations
interconnected by a cable medium to form a hardwired network. The hardwired network is
often referred to as a system backbone. Also inciuded in many cellular communication
systems are intermediate base stations which are not directly connected to the hardwired
network. Intermediate base stations, often referred to as wireless base stations, increase the
area within which base stations connected to the hardwired network can communicate with
mobile terminals. Unless octherwise indicated, the term “base station” will hereinafter refer
to both base stations hardwired to the network and wireless base stations.

Associated with each base station is a geographic cell. A cellis a geographic area in
which a base station has sufficient signal strength to transmit data to and receive data from
a mobile terminal with an acceptable error rate. The error rate for transmitted data is defined
as the ratio of the number of transmitted data bits received in error to the totai number of bits
transmitted. It is economically inefficient to design a communications system with a "zero"

error rate. Rather, depending on the requirements of users of the system. an acceptable
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error rate is determined. For example, an acceptable error rate may be set at a maximum
error correcting rate capability of an error correcting code utilized by the system.

The shape of each cell is primarily determined by the type of antenna associated with a
given base station. For instance, base stations which communicate with mobile terminals
often have omnidirectional type antennas which provide for generally circular shaped cells
and allow for a wide area of coverage. In many instances. however, the cell of a base station
is not completely symmetrical because physical structures within the cell may partially block
data signals emanating from the base station or create "dead spots" where no signals can
pass. Further, the cell size may be decreased by machinery located in the vicinity of the
base station which generates excessive noise levels that degrade a signal transmitted by the
base station. Undesirable signals that interfere with the transmission and reception of a
transmitted signal are collectively referred to as noise signals. A useful quantitative measure
of relative noise in a communication system is the signal-to-noise ratio (SNR). The SNR is
the ratio of the amplitude of a desired signal at any given time to the amplitude of noise
signals at that same time.

Generally, when a mobile terminal is powered up, it "registers" with a base station through
which the mobile terminal can maintain wireless communication with the network. In order
to register, the mobile terminal must be within the cell range of the base station and the base
station must likewise be situated within the effective cell range of the mobile terminal. It is
generally not possible to have one base station service a large area by itself. This is due to
transmission power restrictions governed by the FCC and the fact that the extra hardware
needed to provide a mobile terminal with such a large cell range would add significantly to
the size and weight of the mobile terminal thereby making it less desirable to use. Thus.
cellular communication systems generally have several base stations spaced apart such that
the collective cell area coverage of the base stations is sufficient to cover the entire area in
which a mobile terminal may roam. As the location of the mobile terminal changes, the base
station with which the mobile terminal was originally registered may fall outside of the
geographic cell range of the mobile terminal. Therefore, the mobile terminal may "de-
register" with the base station it was originally registered to and register with another base
station which is within its communication range.

When designing a cellular communication system for a region, an appropriate number of
base stations must be selected and their Iocatidns determined to assure cell coverage for the
region. Each additional base station increases the cost of the communication system by the
incremental cost of the base station itself and installation fees. Both the cost of the base

station and the installation costs are often great. When hardwiring a new base station to the
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network, both a data line and a power line must be provided. The data line allows the base
station to transmit and receive information from the system backbone while the power line
provides continual power to supponrt the operations of the base station. Although wireless
base stations do not require data lines since all data is communicated wirelessly, they do
require power. However, providing power lines to wireless base stations can often be
difficult. This is especially true in the common situation where a wireless base station is
situated in a large outdoor storage facility having a concrete foundation, such as areas near
a shipyard or loading dock. Typically, electncal outlets are not readily accessible in such
areas and therefore power lines must be supplied to the wireless base station from the
network or elsewhere. Power lines could be located on the surface of the concrete
foundation, however, this provides an undesirable obstacle that must be avoided by heavy
loading vehicies typically found operating at such facilities. Consequently, a trench is often
created through the concrete in order to house the power lines. Unfortunately, providing such
a trench adds a significant amount of extra time and cost to the installation process. Another
method of supplying power to wireless base stations could invoive suspending power lines
from power poles. However, this method has been found implausible given the difficulty
involved with erecting such power poles in the concrete foundation. As a result, there is a
strong need in the art for a manner of supplying power to a wireless base station that is not
unduly burdensome or costiy.

Wireless communication systems such as those described above often involve spread
spectrum (S8) technology. A SS communication system is one in which the transmitted
frequency spectrum or bandwidth is much wider than absolutely necessary. Wideband
frequency modulation (FM) is an example of an analog SS communication system. With
regard to a digital SS communication system, the transmission bandwidth required by the
baseband modulation of a digital signal is expanded to a wider bandwidth by using a much
faster switching rate than used to represent the original bit period. Operationally, prior to
transmission, each original data bit to be transmitted is converted or coded to a sequence

of "sub bits" often referred to as "chips" (having togic values of zero or one) in accordance

~ with a conversion algorithm. The coding algorithm is usually termed a spreading function.

Depending on the spreading function, the original data bit may be converted to a sequence

of five, ten, or more chips. The rate of transmission of chips by a transmitter is defined as

" the "chipping rate".

A SS communication system transmits chips at a wider signal bandwidth (broadband
signal) and a lower signal amplitude than the corresponding original data would have been

transmitted at baseband. At the receiver, a despreading function and a demodulator are
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employed to convert or decode the transmitted chip code sequence back to the original data
on baseband. The receiver, of course, must receive the broadband signal at the transmitter
chipping rate.

An advantage of a SS communication system is that the representation and
communication of an original data bit as a sequence of chips over a wide bandwidth in lieu
of transmitting the original data bit over a narrow bandwidth generally results in a lower error
rate at the receiver. This is especially true in transmission environments characterized by
noise having high amplitude and short duration, i.e., "spike” noise. The probability of a
receiver extracting and correctly interpreting a data bit represented by a transmitted
sequence of chips interspersed with random, uncorreiated noise spikes is greater than the
probability of the receiver extracting and correctly interpreting a transmission of single bits
interspersed with such random noise spikes.

In essence, a SS communication system utilizes increased bandwidth and a coding
scheme to reduce error rate vis-a-vis a conventional baseband system. The reduction in
error rate results in an improved output SNR at the receiver. For any communication system,
the difference between output SNR and input SNR is defined as the processing gain of the
system. In a SS communication system, the processing gain of the system is the ratio of the
transmission code rate to the original information bit rate. For example, assume that the SS
coding scheme utilizes a sequence of ten chips to represent one onginai data bit. If the ten
chips are transmitted at a chipping rate such that their collective duration is equal to a single
bit period at baseband, then the processing gain of the SS system is approximately equal to
ten. Communication range is determined by a fully processed SNR at a receiver. The fully
processed SNR is the processing gain associated with SS communication techniques
combined with the received signal strength.

The coding scheme of a SS digital communication system utilizes a pseudo-random
binary sequence (PRSB). One type of a digital SS communication system is known as a
direct sequence spread spectrum (DSSS) system. in a DSSS system, coding is achieved
by converting each original data bit (zero or one) to a predetermined repetitive pseudo noise
(PN) code. A type of PN code is illustrated in Figure 1. For this exarnple, the digital data
signal 110 is made up of a binary "1" bit and a "0" bit. A PN code 120 representing the digital
data signal 110 is comprised of a sequence of ten sub bits or chips, namely, "1", 0", "1", "1",
RO B R A

The digital data signal 110 is coded or spread by modulo 2 muitiplying (e.g., via an
"EXCLUSIVE NOR" (XNOR) function) of the digital data signal 110 with the PN code 120.

If the data bitis a "1”, then the resulting spread data signal (PN coded signal) in digital form
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corresponds to the PN code 120. However, if the data bit to be coded is a "0", then the
spread data signal in digital form will correspond to a code 130. As can be seen, the code
130 is the inverse of PN code 120. That is, the PN code and its inverse are used to
represent data bits "1" and "0" respectively.

A PN code length refers to a ltength of the coded sequence (the number of chips) for each
original data bit. As noted above, the PN code length effects the processing gain. A ionger
PN code yields a higher processing gain which results in an increased communication range.
The PN code chipping rate refers to the rate at which the chips are transmitted by a
transmitter system. A receiver system must receive, demodulate and despread the PN
coded chib sequence at the chipping rate utilized by the transmitter system. At a higher
chipping rate, the receiver system is allotted a smaller amount of time to receive, demodulate
and despread the chip sequence. As the chipping rate increases so to will the error rate.
Thus, a higher chipping rate effectively reduces communication range. Conversely,
decreasing the chipping rate increases communication range.

The spreading of a digital data signal by the PN code does not effect overall signal
sirength (or power) the data being transmitted or received. However, by spreading a signal,
the amplitude at any one point typically wili be less then the original (non-spread) signal.

It will be appreciated that increasing the PN code length or decreasing the chipping rate
to achieve a longer communication range will result in a slower data transmission rate.
Correspdndingly,. decreasing the PN code length or increasing the chipping rate will increase
data transmission rate at a price of reducing communication range.

Figure 1A schematically illustrates a transmitter system or assembly 100 of a DSSS
system. Original data bits 101 are input to the transmitter system 100. The transmitter
system includes a modulator 102, a spreading function 104 and a transmit filter 106. The
modulator 102 modulates the data onto a carner using, for example, a binary phase shift
keying (BPSK) modulation technique. The BPSK modulation technigue involves transmitting
the camier in-phase with the oscillations of an oscillator or 180 degrees out-of-phase with the
oscillator depending on whether the transmitted bit is a "0" or a "1". The spreading function
104 converts the modulated original data bits 101 into a PN coded chip sequence, also
referred to as spread data. The PN coded chip sequence is transmitted via an antenna so
as to represent a transmitted PN coded sequence as shown at 108.

Figure 1A also illustrates a receiver system or assembly, shown generally at 150. The
receiver system 150 inctudes a receive filter 152. a despreading function 154, a bandpass\
filter 156 and a demodulator 158. The PN coded data 108 is received via an antenna and

is filtered by the filter 152. Thereafter. the PN coded data is decoded by a PN code
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despreading function 154. The decoded data is then filtered and demodulated by the filter
156 and the demodulator 158 respectively to reconstitute the original data bits 101. To
receive the transmitted spread data, the receiver system 150 must be tuned to the same
predetermined carrier frequency and be set to demoduiate a BPSK signal using the same
predetermined PN code.

More specifically, to receive a SS transmission signal, the receiver system must be tuned
to the same frequency as the transmitter assembly to receive the data. Furthermore, the
receiver assembly must use a demodulation technique which corresponds to the particular
modulation technique used by the transmitter assembly (i.e. same PN code length, same
chipping rate, BPSK). Because mobile terminals communicate with a common base station,
each device in the ceilular network must use the same carrier frequency and modulation
technique.

A drawback associated with current cellular communication systems is that PN code
parameters such as PN code length and chipping rate must be selected to provide
performance based on average communication range and average noise conditions. The
data rate/range tradeoff leads to a cell size/throughput tradeoff in the communication system.
The rate that each transmission occurs will limit the size of each cell. Thus, it would be
desirable to have a cellular communication system wherein PN code parameter, modulation
compiexity and other transmitting and receiving parameters could be dynamically modified
for each transmission based on distance between the transmitter and receiver and noise
conditions such that an improved data transmission rate for that transmission could be
achieved thereby enhancing system performance.

SUMMARY OF THE INVENTION

The bresent invention includes an apparatus and a process for enhancing the

performance capabilities of a cellular communication system utitizing DSSS techniques. The
cellular communication system of the present invention includes a plurality of mobile
terminals and a plurality of base stations. The base stations may be connected to a
hardwired network backbone or serve as wireless base stations. Each base station can
transmit and receive data in its respective cell. For a given communication between a mobile
terminal and a base station, the mobile terminal and the base station can adjust the PN code
length and the chipping rate depending on communication conditions to increase the
transmission rate whiie retaining an accéptable error rate. Moreover, the system also
provides that system components can adjust between other cellular communication system

transmission parameters such as between different modulation schemes and/or different
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transmitter power levels in conjunction with PN code adjustments to further enhance the
performance capabilities of the system.

Each base station and mobile terminal of the cellular communication system or network
of the present invention includes a transmitter system and a receiver system. Furthermore,
each transmitter system and receiver system preferably is capable of, respectively,
transmitting or receiving PN coded signals formed with PN codes having different code
lengths and chipping rates. Accordingly, as conditions of the wireless communication link
between the base station and mobile terminal change, the present invention advantageously
may adjust the PN code values to obtain the best available data rate possible for the current
range and noise conditions thereby optimizing the performance capabilities of the celiular
communication system as a whole. '

In a first illustrative exampte, when a mobile terminal and a base station are focated in
relatively clase proximity to each other, the system in accordance with the present invention
may select and utilize a short PN code length (e.g., eleven chips per original data bit)
resulting in a relatively fast data transmission rate. The short PN code length will resuit in
a relatively low processing gain and a corresponding decreased communication range.
However, because the base station and mobile terminal are close in proximity, the decreased
communication range does not significantly increase the error rate. If the mobile terminal
moves away from the base station such that the terminal is outside a communication range
or cell when communicating using the short PN code length, the cellular communication
system of the present invention recognizes the changing conditions and the base station and
mobile terminal suitably increase the PN code length (e.g., to twenty-two chips per original
data bit) to provide for a higher processing gain and thereby greater communications range.
The greater processing gain afforded by the longer PN code length reduces the data
transmission rate. Despite the slower transmission rate between the mobile station terminatl
and the base station, however, the overall exchange of data between the base station and
all other mobile terminals wiil not be effected unless this base station is operating close to
full capacity. Therefore, in most instances, the reduced transmission rate between a specific
mobile terminal and a base station should have little effect on the communication system as
a whole.

On the other hand, when a mobile terminal and a base station are in need of a fast data
transmission rate and conditions otherwise permit. the mobile unit and base station according
to the present invention may select a PN code having a relatively rapid chipping rate vaiue
(e.g. 22 MHz). If the spectral bandwidth needs to be decreased due to, among other

reasons, excessive noise on closely situated frequency bands, the mobile units and base



10

15

20

25

30

35

m pmma o girm

WO 97/21294 PCT/US96/19336

stations may decrease the chipping rate (e.g. to 11 MHz) to decrease the required
transmission bandwidth. In this case, the data transmission rate is reduced commensurate
with the narrower bandwidth.

In a second embodiment of this invention, each base station and mobile terminal of a
cellular communication system or network may or may not be capable of varying their
respective chipping rates and PN code lengths. Therefore, a cellular network is provided in
which PN code values are dynamically modified based on the capabilities of the respective
transmitters and receivers.

For example, a base station capable of dynamically varying PN code values may be
communicating with a closely positioned mobile terminal which transmits and receives data
only at a single, predetermined PN code length and chipping rate. Although a shorter PN
code length could be selected based on the close range, the mobile terminal may be
incapable of supporting the shorter PN code length. Therefore, the PN code length
supported by the mobile terminal is utilized.

In another aspect of the present invention, additional system modulation parameters may
be aitered by system components to optimize the data transmission rate/range tradeoff for
each communication. For example, in a situation where a high data transmission rate is
required, a base station may select to use a high order modulation scheme, for example, 16
QAM, 32 QAM, etc. in a situation where an increased cell size, lower transmitter power
and/or a lower data error rate is required, the base station may select a lower order
modulation scheme (e.g., BPSK, QPSK, etc.).

In yet another aspect of the present invention, transmission power is also selectable by
system components. Thus, in a situation where a strong PN coded signal is necessitated
because the mobile terminal is relatively distant from the base station. the present invention
may select to use a high power level to transmit the PN coded signal. Conversely, if the
battery of a mobile terminal is running low. the present invention may select a lower power
level to transmit the PN coded signal in order to conserve the battery's energy. Also, where
the mobile terminal is located in very close proximity to the base station, the present
invention may select to use an even lower power level to transmit the PN coded signals back
and forth between the communication devices so that the receivers of each device are not
saturated.

In yet a further aspect of the present invention, the system components may also select
to transmit and receive PN coded signals using a variety of antennas having different gain
and directivity characteristics. For exampie, where a base station is positioned in the center

of a cell, the present invention may select to use an omnidirectional antenna so that the base

o,
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station may transmit and receive signais in all directions. In another example, where a base
station is to communicate a longer distance. the present invention may select to use a yagi
directionai antenna so that the base station may transmit a signal with a higher gain.

According to another feature of the invention, the wireiess base stations may be supplied
power through a solar power system having solar panels, charging circuitry and a battery
system. This obviates the need for trenching in order to bury power lines and/or suspending
power lines as discussed above in connection with conventional practices.

According to one aspect of the invention, a cellular communication system is provided
which includes: a plurality of base stations coupled to a system backbone, each of the base
stations comprising a base station receiver system for receiving wireless communications
and a base station transmitter system for transmitting wireless communications; and a
plurality of mobile terminals each for communicating with the system backbone by way of at
least one of the piurality of base stations, each of the plurality of mobiie terminais having a
mobile .terminal transmitter for transmitting wireless communications to the at ieast one of the
plurality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the plurality of base stations; wherein, with respect
to at least one of the mobile terminals, at least one of the mobile terminal transmitter system
and the mobile terminal receiving system wirelessiy communicates with the at least one of
the plurality of base stations by selectively transmitting or receiving data according to any of
a plurality of different PN code parameters.

According to another aspect of the present invention, a cellular communication system
is provided which includes: a pturality of base stations coupled to a system backbone, each
of the base stations comprising a base station receiver system for receiving wireless
communications and a base station transmitter system for transmitting wireless
communications; and a plurality of mobile terminals each for communicating with the system
backbone by way of at least one of the plurality of base stations, each of the plurality of
mobile terminals bhaving a mobile terminal transmiiter for transmitting wireless
communications to the at least one of the piurality of base stations and a mobile terminal
receiver system for receiving wireless communications from the at least one of the piurality
of base stations; wherein, with respect to at least one of the mobile terminals, at least one
of the mobile terminal transmitter system and the mobile terminal receiving system wirelessly
communicates with the at least one of the plurality of base stations by seilectively transmitting
or receiving data according to any of a plurality of different transmission parameters based

on communications received from the mobile terminal.
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According to still another aspect of the present invention, a cellular communication
system is provided which inciudes: a plurality of base stations coupled to a system backbone,
each of the base stations comprising a base station receiver system for receiving wireless
communications and a base station transmitter system for transmitting wireiess
communications; and a plurality of mobile terminals each for communicating with the system
backbone by way of at least one of the plurality of base stations, each of the plurality of
mobile terminals having a mobile terminal transmitter for transmitting wireless
communications to the at least one of the plurality of base stations and a mobile terminal
receiver system for receiving wireless communications from the at least one of the plurality
of base stations; wherein, with respect to at least one of the mobile terminals, at least one
of the mobile terminal transmitter system and the mobile terminal receiving system wirelessly
communicates with the at least one of the plurality of base stations by selectively transmitting
or receiving data according to any of a plurality of different transmission parameters: and
wherein at least another one of the mobile terminals cannot vary any of its transmission
parameters.

In accordance with yet another aspect of the invention, a cellular communication system
is provided which inciudes: a plurality of base stations coupled to a system backbone, each
of the base stations comprising a base station receiver system for receiving wireless
communications and a base station transmitter system for transmitting wireless
communications; and a plurality of mobile terminals each for communicating with the system
backbone by way of at least one of the plurality of base stations, each of the plurality of
mobile terminals having a mobile terminal transmitter for transmitting wireless
communications to the at least one of the plurality of base stations and a mobile terminal
receiver system for receiving wireless communications from the at least one of the plurality
of base stations;wherein, with respect to the at least one base station, at least one of the
base station transmitter system and the base station receiving system wirelessly
communicates with one of the mobile terminais by selectively transmitting or receiving data
according to any of a plurality of different PN code parameters,

According to but another aspect, a cellular communication system is provided which
includes: a plurality of base stations coupled to a system backbone, each of the base stations
compnsing a base station receiver system for receiving wireless communications and a base
station transmitter system for transmitting wireless communications: and a plurality of mobile
terminals each for communicating with the system backbone by way of at least one of the
plurality of base stations, each of the plurality of mobile terminals having a mobile terminal

transmitter for transmitting wireless communications to the at least one of the plurality of base

10
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stations and a mobile terminai receiver system for receiving wireless communications from
the at least one of the plurality of base stations; wherein, with respect to the at ieast one base
station, at least one of the base station transmitter system and the base station receiving
system wirelessly communicates with one of the mobile terminals by selectively transmitting
or receiving data according to any of a plurality of different transmission parameters.

in accordance with still another aspect, a cellutar communication system is provided
which includes: a plurality of base stations coupled to a system backbone, each of the base
stations comprising a base station receiver system for receiving wireless communications
and a base station transmitter system for transmitting wireless communications; and a
plurality of mobile terminais each for communicating with the system backbone by way of at
least one of the plurality of base stations, each of the plurality of mobile terminals having a
mobile terminal transmitter for transmitting wireless communications to the at least one of the
pturality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the plurality of base stations; wherein, with respect
to the at least one base station, at least one of the base station transmitter system and the
base station receiving system wirelessly communicates with one of the mobile terminals by
selectively transmitting or receiving data according to any of a plurality of different
transmission parameters; and wherein at least another one of the base stations cannot vary
any of its transmission parameters.

According to yet another aspect, a mobile terminal for use in a cellular communication
system having at least one base station coupled to a system backbone is provided, the
mobile terminal including: a transmitting system for wirelessly communicating data to the
base station; and a receiving system for wirelessly receiving data from the base station,
wherein at least one of the transmitting system and the receiving system wirelessly
communicates with the base station by selectively transmitting or receiving data according
to any of a plurality of different transmission parameters based on communications received
from the at least one of the plurality of base stations.

In accordance with still another aspect. a base station coupled to a system backbone for
use in a cellular communication system is provided, the base station including: a transmitting
system for wirelessly communicating data to a mobile terminal included in the cellular
communication system; and a receiving system for wirelessly receiving data from the mobile
terminal; wherein at least one of the transmitting system and the receiving system wirelessly
communicates with the mobile terminal by selectively transmitting or receiving data according
to any of a plurality of different transmission parameters based on communications received

from the at least one of the plurality of base stations.
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According to still another aspect, a method of wireless communication between a mobile
terminal and a base station in a cellular communication system is provided, including the
steps of: the mobile terminal transmitting data to the base station according to a first
transmission parameter and detei‘mining if the data has been validly received; and the mobile
terminal automatically transmitting data to the base station according to a second
transmission parameter which is different from the first transmission parameter if the data is
determined not to have been validly received.

According to yet another aspect, a wireless base station for use in a cellular
communication systern having a system backbone is provided, comprising: a communication
system for performing wireless communications with devices in the cellular communication
system, including communicating with the system backbone by way of wireless
communications: and a power supply for providing power to operate the wireless base
station, the power supply including a solar power device for deniving the power from solar
energy.

In accordance with but another aspect of the invention, a wireless base station for use
in a cellular communication network having a system backbone is provided, including: a
communication system for performing wireless communications with devices in the cellular
communication network, said communication system receiving and transmitting wireless
communication between a first device and a second device in the cellular communication
network; and an error correction system for correcting data errors in the wireless
communication received by the communication system prior to the communication system
transmitting the wireless communication.

In accordance with still yet another aspect of the invention, a wireless base station for
use in a cellular communication system is provided, including: a transceiving system for
performing wireless communications with devices in the celiular communication system, said
transceiving system being adapted for receiving and transmitting wireless communication
between a first device and a second device in the cellular communication system: said
transceiving system having a first antenna, a second antenna and antenna selection circuitry,
wherein said antenna selection circuitry selects one of said first antenna and second antenna
for at least one of said receiving and transmitting wireless communication.

The aforementioned features and other aspects of the present invention are described
in more detail in the detailed description and accompanying drawings which foliow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a PN coded signal for data bits "0" and 1"

12
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Figure 1A is a schematic representation of a transmitter system and a receiver system
of a DSSS communication system,

Figure 2 is a schematic representation of a cellular communication system of the present
invention;

Figure 3A is a schematic representation of a data packet including a header portion and
a data portion;

Figure 3B is a detailed block diagram of an exemptary embodiment of a mobile terminal
in accordance with the present invention:

Figure 3C is a detailed block diagram of an exemplary embodiment of a base station in
accordance with the present invention;

Figure 4A is a flowchart illustrating a mobile terminal registering with and ascertaining a
data communications rate for communicating with a base station;

Figure 4B is the process as described in Figure 4, wherein at least one of the base
stations that the mobile terminal is attempting to register with is a wireless base station:

Figure 5 is a system flowchar illustrating a mobile terminal setting communication
parameters to correspond to a selected data communications rate with a base station:

Figure 6A is a schematic representation of a portion of a cellular communication system
of the present invention;

Figure 6B is a block diagram of a solar powered wireless base station in accordance with
the present invention;

Figure 7A is a block diagram of one embodiment of a transmitter system of the present
invention;

Figure 7B is a block diagram of another embodiment of a transmitter system of the
present invention;

Figure 7C is a block diagram of another embodiment of a transmitter system of the
present invention;

Figure 7D is a block diagram of a non-controilable transmitter of the present invention:

Figure 7E is a block diagram of a controliable transmitter of the present invention;

Figure 8A is a block diagram of one embodiment of a receiver system of the present
invention suitable for use within a base station or a mobile terminai;

Figure 8B is a block diagram of another embodiment of a receiver system of the present
invention suitable for use within a base station or a mobile terminal;

Figure 8C is a block diagram of another embodiment of a receiver system of the present
invention suitable for use within a mobile terminal with one controllable receiver;

Figure 8D is a block diagram of a non-controllable receiver of the present invention; and
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Figure 8E is a block diagram of a controllable receiver of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

Figure 2 schematically illustrates a cellular communication system, shown generally at

200, in accordance with the present invention. The cellular communication system 200 may
be one of several types including a local area network (LAN) or a wide area network (WAN).
The cellular communication system 200 of this exemplary embodiment has a network 250
which forms a hardwired data communication path. The hardwired data communication path
may be made of a twisted pair cable, shielded coaxial cable or fiber optic lines, for instance,
and is often referred to as the system backbone 260. Connected to the system backbone
260 is a base station 210 which is capable of dynamically modifying one or more of its data
transmission parameters in accordance with this invention. Also connected to the system
backbone 260 is a conventional base station 211 having generally fixed data transmission
parameters. Each base station 210, 211 wirelessty communicates with other devices in the
system 200 via an omnidirectional antenna 290 which allows for a generally spherical area
of coverage. Directional yagi type antennas or other forms of antennas could aiso readily be
used as will be appreciated. The antenna 290 allows each base station 210, 211 to transmit
and receive data within a respective geographic cell. As is discussed below, the cell size is
the geographic area in which a device can communicate with another device in a cellular
communication system 200. The present invention permits the base station 210 to adjust
effectively its cell size in order to better optimize overall system performance. The
adjustability of the cell size of base station 210 is schematically illustrated by curved lines
labeled 212, 214, 216 (corresponding to a fast, mid, and siow data transmission rate,
respectively). Conventional base station 211 has a fixed cell 218 associated with it, wherein
cell 218 is of the mid cell size in this particular embodiment. The cellular communication
system 200 generally will have several dynamic base stations 210 and/or several
conventional base stations 211 spaced apart along the system backbone 260. However, for
purposes of illustration and simplicity, only one of each is shown in this embodiment.
Other components of the system 200 that may be wired to the backbone 260 include a
client/server network composed of a work station (client) 270, such as an IBM compatible
personal computer, and a server 280, such as an IBM RS/6000. A network controller 220
may also be wired to the backbone 260 to control the flow of data between the base station
210 and other components wired to the backbone 260. The network controlier 220 may
communicate with the components wired to the backbone 260 using a variety of protocols,

such as the Ethernet protocol or the Token Ring protocol.
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In order to expand the effective communication range of base stations 210, 211
cc;nnected to the network, several wireless base stations designated 215a, 215b, and 215¢
are included in the‘ celiular communication system 200. When referenced collectively,
wireless base stations 215a, 215b, and 215c¢ will hereinafter be referred to as wireless base
station 215. Each wireless base station 215 is shown to have a power supply 217. The
power supply 217 may be hardwired to an existing power source via power lines or. it may
be an auxiliary power source in accordance with the invention. Such an auxiliary power
source may use solar power, as is described below, or it may use other natural energy
sources such as wind or water..

in this particular embodiment. each wireless base station 215 is shown to have connected
to it both an omnidirectional antenna 290 and a yagi type directed antenna 282. The
omnidirectional antennas 290 allow for a spherical area of coverage, whereas the yagi type
anrtennas 292 allow for a more elongated, elliptical shaped ceil coverage. The yagi type
antennas 292 are commonly used when communication is maintained with another device
having a fixed focation in order to allow for longer distance coverage. Similar to the base
station 210 mentioned above, each wireless base station 215 of this invention can vary its
cell size to allow for optimal settings. For example, wireless base station 215a is shown to
have an omnidirectional antenna 290 which provides for cell area coverage illustrated by
circular lines 222, 224, 226 and a yagi type antenna 292 which allows for directed cell area
coverage illustrated by elliptical lines 232, 234, 236. In other embodiments, it is likely that
a wireless base station may be configured to operate with one antenna. Although not
completely shown or labeled for the sake of simplicity, wireless base stations 215b and 215c¢
have similar cell area coverage.

The cellular communication system 200 aiso includes one or more mobile terminals each
referred to generally as a mobile terminal 230. The mobile terminals 230 are each capable
of dynamically modifying their data transmission parameters in accordance with the invention
as is described more fully below. In this particular embodiment, three mobile terminals
designated 230a, 230b, 230c are communicating with devices connected to the network 250.
Also shown within the cellular communication system is a conventional mobile terminal 231
with generally fixed parameters. The mobile terminals 230, 231 are capable of roaming from
cell to cell and using a registration and deregistration process to assure a single entry point
to the backbone 260, as is described in more detail below. The mobile terminals 230, 231
may include a hand held or arm mounted portable computer, or a portable data form reader

mounted to a vehicle, for example.
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Connected to each mobile terminat 230, 231 is an omnidirectional antenna 290.
Omnidirectional antennas aliow for a generally spherical cell area coverage which is often
beneficial for roaming mobite terminals, however other types of antennas could readily be
used. In accordance with the exemplary embodiment of this invention described herein, each
mobile terminat 230 has an adjustable cell size as is representatively indicated by cells 242,
244, and 246 (corresponding to fast, mid, and slow data transmission rate, respectively) as
ilustrated with respect to mobile terminal 230a. The cell coverage of the mobile terminais
230b, 230c¢, and conventional mobile terminal 231 are not shown in Figure 2 for sake of
clarity. However, in order to maintain proper communication with a particular base station
210, 211, or 215 it is not enough that the mobile terminal be within the cell area coverage of
the base station, but rather, the base station must also be within the cell area coverage of
the mobile terminat as will be appreciated.

For example, in this particular embodiment, mobile terminal 230a is shown to be within
the cell area coverage 218 of base station 211. However, in order to maintain proper
bidirectional communication and register with base station 211, the base station 211 must
also be within the cell area coverage of the mobile terminal 230a. As shown, at the fastest
data transmission rate. mobile terminal 230a only has transmission capabilities within cell 242
which is not sufficient to communicate with base station 211 Therefore, the mobile terminal
230a must communicate at the mid or slow rate corresponding to cell coverage 244, 246
respectively. At these rates, the base station 211 falls within the transmission range of
mobile terminal 230a. Thus, registration and communication can be readily maintained.

In many instances, a mobile terminal may register with a wireless base station 215 in
order to gain access to the network 250. Similar to that discussed above,. both the mobile
terminal and the wireless base station must be within each others transmission range in order
to allow for proper communication to take place. As is discussed below, each wireiess base
station 215 will form a permanent path to the network 250 through which all communication
with registered mobile terminals take place. in this particular embodiment, wireless base
station 215b has formed a pemmanent path to the network 250 through wireless base station
215a and base station 210. Thus, if mobile terminal 230c is registered with wireless base
station 215b then all communication between the mobile terminal 230¢ and the network 250
will follow this path.

Transmissions between the devices in the cellular communication system 200 preferably
occur in a packet format 300 (Figure 3) using Spread Spectrum wireless communication
techniques, as described in the Background section. Aithough this particular embodiment

describes a Direct Sequence Spread Spectrum (DSSS). a frequency hopping system or a
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hybrid system using direct sequence or frequency could be readily employed. in order to
accommodate varying cell sizes in a DSSS system as discussed above, the mobile terminais
230 and the base stations 210, 215 are capable of varying PN code parameters such as PN
code length and chipping rates. and modulation complexity for example. The effect of

5 varying each of these parameters wiil now be discussed in conjunction with their effect on cell
size and overall system performance.

As indicated previously in the background section, a longer PN code length resuits in a
higher processing gain and correspondingly increases a communication range between a
mobile terminal 230 and a base station 210, 215. On one hand, a high processing gain may

10 advantageously be utilized to permit data transmission between the mobile terminal 230 and
the base station 210, 215 that would otherwise be out of the communication range. However,
the increased communication range afforded by the high processing gain results in a reduced
data transmission rate (where the data transmission rate is measured in terms of original data
bits transmitted per unit time). On the other hand, a lower processing gain may be utilized

15 to achieve a faster data transmission rate between a mobile terminal 230 and a base station
210, 215 which are nearby. The lower processing gain, however, reduces the communication
range between the mobile terminal 230 and the base station 210, 215. )

The chipping rate refers to the rate at which chips are transmitted by the system
component sending a data transmission. A system component receiving the data

20 transmission must receive, demodulate and despread the PN coded chip sequence at the
chipping rate utilized by the sending component. At a higher chipping rate, the receiver
system is allotted a smaller amount of time to receive, demodulate and despread the chip
sequence. As the chipping rate increases so to will the error rate. Thus, a higher chipping
rate effectively reduces the communication range. Conversely, decreasing the chipping rate

25 increases the communication range.

In addition to modifying the PN code length and chipping rate, the modulation complexity
may be varied. A BPSK modulation scheme, which provides for modulating the carrier to one
of two phases, may be used to transmit one bit at a time over the wireless communication
link, while a QPSK modulation scheme, which provides for modulating the carrier to one of

30 four phases may be used to transmit data at a faster rate. two bits at a time, over the link.
While QPSK will result in a faster data rate, it is more sensitive to noise and more errors may
occur because the receiver must operate within a 90 degree phase decision angle rather than
180 degrees associated with BPSK. Thus, a greater transmission range can also be

accomplished by using a BPSK modulation complexity over a QPSK modulation complexity
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since BPSK modulation has a higher tolerance to noise and allows for better opportunities
to decode each bit.

While the rate/range tradeoff still applies to each individual transmission, the system 200
allows an individual mobile terminal 230 and an individual base station 210, 215 to optimize
the processing gain and data transmission rate tradeoff for a given data transmission. This
overcomes the cell size/throughput tradeoff limitation. It will be apparent that the system 200,
by providing the base stations 210, 215 and the mobile terminals 230 with the ability to
dynamically modify the PN code length, chipping rate, and/or modulation complexity
effectively provides a base station 210, 215 with an adjustable cell size as indicated in Figure
2. For instance, the cell size indicated by the curved line 212 of base station 210 would
correspond to a data transmission characterized by a low processing gain and a high data
transmission rate. The cell size indicated by the curved line 214 would correspond to a data
transmission characterized by an intermediate processing gain and intermediate data
transmission rate. Finally, the cell size indicated by the curved line 216 would correspond
to a data transmission characterized by a high processing gain and a low data transmission
rate. The present system 200 can have exceptionally large cells while only sacrificing
throughput to the extent mobile terminals on the fnnge of respective base station celis require
the higher processing gain for error free communication.

Optimization of a wireless communication link occurs when ait parameters are set such
that data is transmitted at the fastest possible rate to the system backbone 260 at or below
an "acceptable" error rate given the capabilities of the communicating system components,
the range of data transmission and the ambient noise conditions. However, in obtaining this
optimum setting, tradeoffs will occur as discussed above.

One advantage of dynamically aitering the communication parameters to optimize
performance is that mobile terminals 230 close to a base station 210, 215 may transmit data
rapidly thereby reducing total air time usage. Additionally, fewer base stations will likely be
needed to cover a given service region, thereby reducing the overall cost associated with the
cellular communication system. Without the ability to dynamically alter communication
parameters, the base station cell sizes remain constant. Thus. it will be necessary to ensure
that there are a sufficient number of base stations located so as to cover the entire service
region. It should be evident in such situations that, unless each base station is preset to
transmit at its lowest possible data communication rate, the base station cell size will be less
than a cell size defined by its maximum range capabilities. However, given the rate/range
tradeoff (as discussed above), it would be extremely inefficient usage of air time to set the

slowest rate on most base stations, which consequently would correspond to a need for a

18



TASDOWITY AMO

WO 97/21294

10

15

20

25

PCT/US96/19336

greater number of base stations in order to cover any given area. Additionally, by having this
dynamic altering ability, base stations may be able to adjust for additional noise introduced
into their communicating area. Without this ability, newly introduced noise couid result in
reduced range or "dead spots” where a mobile terminal can no longer communicate with any
preexisting base station.

In order to allow for optimization of a cellular communication system, each base station
210, 215 in the exemplary embodiment is capable of communicating with a plurality of mobile
terminais 230 at three different data rates, fast, mid and slow. In other embodiments, a
variety of rates variably adjustable between the slowest and fastest rate could be used.
Because of the rate/range tradeoff, the fast rate can only be used to communicate with
mobile terminals 230 located relatively close to a base station 210, 215. A cell 212 (Figure
2), for example, in which the fast rate can be used is referred to as the near zone. The mid
data rate can be used to communicate with mobile terminals 230 which are more distant from
the base station 210, 215. For exampie, in cell 214 the mid data rate can be used, but not
the fast data rate. Finally, a mobile terminal 230 that is even more distant from a base station
210, 215 requires data transmission at the siow data rate.

In this particular embodiment, the fast data rate inciudes use of an 11 chip PN code and
a QPSK modulation complexity. The chipping rate can be set to 11 MHZ to provide a
2MB/sec data rate. The mid data rate includes use of an 11 chip code and a BPSK
modulation camplexity. An 11 MHZ chipping rate will provide a 1MB/sec data rate. The siow
data rate includes a 22 chip code and a BPSK modulation complexity. The 11 MHZ chipping
rate provides a ¥2 MB/sec data rate. Table 1 below summarnzes such parameters. It will be
appreciated, of course, that such values are exemplary and are not intended to limit the

scope of the invention.

TABLE |

Data Rate

30

PN Code Length
(chips)

Chip Rate (MHZ)

Modulation

Fast

11

11

QPSK

Mid

11

11

BPSK

Slow

22

11

BPSK

ATAPALRA * o

To eliminate the need for each system component (mobile terminal 230 or base station
210, 215) to have a receiver system capable of simuitaneously listening for data transmitted

at all three data rates. a network protocol provides for a more simplified receiver system.
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The preferred network protocoi incorporates a combination of positive and negative
acknowledgment signatls used by a responding component. The acknowledgment signals
provide information to a transmitting component that aliows the transmitting component to
change its parameters in a manner which optimizes the communication link. A positive
acknowledgment signal is returned to the transmitting component when the receiving
component properly received all of the transmitted data. Thus, a positive acknowiedgment
signal informs the transmitting component that its current transmitting parameter settings are
sufficient to ailow for communication. However, based on the information given in the
acknowiedgment, more optimal settings may be available. A negative acknowiedgment
signal is used when the receiving component only partially received the transmitted data. A
negative acknowledgment signal informs the transmitting component that its current
transmitting parameter settings are not sufficient to ailow for proper communication.
However, the transmitting component can use the information given in this acknowledgment
signal to change its parameters (if possible) to allow for complete and optimal communication
to take place.

In the preferred embodiment of this system 200, it is desirable to enable the mobile
terminal 230 to choose the data rate or data rates used for the packet. Base stations 210
hardwired to the system backbone 260 and wireless base stations 215, are programmed to
respond to the mobile terminal at the same rate or rates. Therefore, the mobile terminat
receiver system will be able to anticipate the rate of the incoming signals at any one time.

The base station 210, 215, on the other hand, will not know which data rate the mobile
terminal 230 will choose, or which of several mobile terminais will transmit a packet.
Therefore, the base station 210, 215 would ordinarily be required to simultaneously be able
to detect all three data rates. To provide for a more simplified base station 210, 215 receiver
system, however, the network protocol requires all packets to begin with a header 302
(Figure 3A) transmitted at the mid or slow data rate. Therefore, the base station 210, 215
need only listen for the mid or slow rates as is explained more fully below in connection with
Figures 3B and 3C.

Referring to Figure 3A. each packet 300 preferably includes overhead bits in the form of
a header 302 and a plurality of data bits 304. While the entire packet 300 may be transmitted
at the fast, mid or slow rate, the protocol of this specific embodiment provides for the header
to be transferred at the mid or siow rate while the data portion is transferred at the fast, mid
or slow rates. Any combination of these varying rates in a single packet may be referred to
as a packet rate. The header 302 may inciude receiver system setup data signifying the data

rate at which the data bits 304 will be transmitted. The packet 300 may contain
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synchronization bits (not shown) between the header and data portion to provide the receiver
time to reconﬂguré itself to the data transmission rate for the data bits 304.

A conventional mobile terminal 231 which cannot change its parameters need only be
configured in the exemplary embodiment to operate at the mid rates by preselecting its one
non-adjustable PN chip code length characteristic value to 11 chips and its modulation
complexity to BPSK. Accordingly, the header and data of a packet 300 are always
transmitted by the mobile terminal 231 to the base station at the mid data rates.
| Because the mobile terminals 230 may transmit headers 302 of the packets 300 to the
base station 210, 215 at either the mid rate or the siow rate the modulation compiexity of the
header is always BPSK. Therefore, the receiver system of base stations that communicate
with the mobile terminais 230 are configured initially to receive BPSK signals, in that it
distinguishes between the two possible phases of the carrier frequency. However, the mid
data rate ha; an 11 chip PN code length and the siow data rate has a 22 chip PN code
length. Therefore, the base station must be able to determine which of the two PN codes is
in use to determine whether the header 302 is being transmitted at the mid or siow data
rates. Consequently, as described below in connection with Figure 3C the base station 210
includes at least two PN decoders serving as correlation channels, one to correlate when an
11 chip PN code iength is used and the second configured to detect and decode a 22 chip
PN code length. In response to a header 302 indicating that the accompanying data bits 304
of the packet 300 are to be communicated using the fast data rate, the base station 210
reconfigures to receive QPSK modulation and the incoming data is correlated with an 11 chip
PN code as discussed below.

Wireless base stations 215 which do not directly communicate with mobile terminais
generally do not have to continuously be able to detect different data rates. However, due
to their start up procedure, as is discussed below, they are configured so as to be able to
receive information at different rates. Further, wireless base stations such as base station
215a in Figure 2 may optionally be configured to communicate with mobile terminals as well
as serve as an intermediate link between other wireless base stations and the ﬁetwork. For
instance, a manual switch (not shown) may be attached to the wireless base station and
control whether the wireless base station responds to a request to register signal sent from
a mobile terminal. Alternatively, the wireless base station could be configured such that a
program stored in the memory of the wireless base station allows registration with mobile
terminals only when the wireless base station is also able to effectively support loading from

other wireless base stations which may have registered with it. The registration process
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between a wireless base station 215 and another base station 210, 211 or a wireless base
station 215 and a mobite terminal 230, 231 is discussed below.

Regardless of whether or not a wireless base station is configured to permit registration
with mobile terminals, the éommunication path between the wireless base station 215 and
the other base stations 210, 211 is a fixed path. Therefore. in order to set up a permanent
communication path, at start up each wireless base station sends out a request to register
with a base station closer to the system backbone. The request to register is initially sent at
the fastest speed. If a response is received at the fast rate, the wireless base station will
establish a permanent communication link with the responding base station. If no response
is received, the wireless base station will send out arequest to register at a slower speed.
This process will continue until a permanent communication link is created. If at any time,
more then one base station responds to the wireless base station’s request to register, the
wireless base station wili select one of the responding base stations to be its permanent link
to the backbone based on predetermined criteria such as system {oad, for example.

It should be readily understood that there can be several embodiments of the mobile
terminal 230 of the present invention. Different embodiments may have different limitations
on the parameters used to vary the processing gain. For example, a first embodiment may
be capable of varying PN code length and modulation complexity in accordance with all three
data rates. In another more limited embodiment, the mobile terminal 230 may be capable of
varying the modutation complexity but not the chip PN code length. When such embodiment
is set for an 11 chip PN code, it is capable of the fast and mid data rates.

The network of this invention can also support conventional base stations 211 and base
stations 210, 215 with limited ability to alter code length or modulation complexity. The
capabilities of both the mobile terminal 230 and the base station 210, 215 limit the data rates
that the mobile terminal 230 can choose. The base station may include its rate capabilities
in the "OK to register” packet, often referred to as the “router identification” packet, and the
mobile terminal 230 will comply with the base station's rate limitations when choosing a data
rate.

In summary, the preferred embodiment of the cellular communication system 200 of the
present invention utilizes a packet structure with a mid or slow data rate used for the header
302 and a fast, mid or siow data transmission rate used for the data bit portion 304 of the
packet 300. The mobile terminal 230 chooses the packet data transmission rates and the
base station response packet will use the same rates. At start up, wireless base stations 215

establish a permanent link to the system backbone 260 and maintain constant optimal
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communication with hardwired base stations 210 or other wireless base stations 215 situated
closer to the backbone 260.

Referring now to Figure 3B, a detailed block diagram of an exemplary embodiment of a
mobile terminal 230 is shown in accordance with the present invention. The mobile terminat
230 includes the aforementioned antenna 290 which is used both for transmitting and
receiving data. The antenna 290 is connected to the antenna terminal of a receive/transmit
switch 305. The receive/transmit switch 305 can be-any type switch for switching the
antenna 290 between a transmitting mode and a receiving mode, for exampie a PIN-diode
based single pole-double throw (SPDT) type switch as is known. Signals received by the
antenna 290 are coupled via the switch 305 to the input of an RF down-conversion circuit
306. The RF down-conversion circuit 306 typically includes a mixer and can be of any known
suitable design for outputting the data signal onto line 307.

The mobile terminal 230 inciudes a bank 308 of PN code spread spectrum decoders,
each respectively being of conventional design. In the exemplary embodiment, the bank 308
includes PN code spread spectrum decoders 308a, 308b and 308c each respectively
configured for decoding or despreading signals received at the fast, mid and siow data rates.
For example, decoder 308a is configured to decode PN coded data having an 11 chip PN
code length and a chipping rate of 11 MHZ. The decoder 308a generally includes a mixer
309a which mixes the received PN coded data with a signal PN, representing the 11 chip PN
code at the 11 MHZ chipping rate. The output of the mixer 309a is provided to an integrator
310a which integrates the signal to produce a decoded data output on line 311. The cutput
of the integrator 310a is also fed back to a timing controlier 312 which produces the
approbn’ate decoding signal PN1 and adjusts the timing thereof based on the output of the
integrator 310a in order to obtain optimum correiation with the data received by the decoder.

Similarly, the decoder 308b is configured for receiving data transmitted at the mid data
rate. Since the mid data rate in the exemplary embodiment also uses a PN code length of
11 and a chipping rate of 11 MHZ, the construction of the decoder 308b can be identical to
that of the decoder 308a. In fact, decoders 308a and 308b in this particular embodiment can
be one and the same as will be appreciated. Nevertheless, the decoder 308b similarly
includes a mixer 309b, an integrator 310b, and receives an appropriate timing signal PN,
from the timing controller 312. The decoder 308c also includes a mixer 309c and an
integrator 310c, but is configured to receive a timing signal PN, from the timing controller 312
corresponding to a PN code length of 22 at a chipping rate of 11 MHZ.

A microcontroller 313 included in the mobile terminal 230 is programmed to carry out the

various contro! and processing operations described herein. For example, the microcontroller
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313 controls a switch 314 which determines whether the mobile terminal 230 is set to receive
data at the fast, mid or slow data rate by respectiveiy coupling the PN coded signal on line
307 to any of decoders 308a-308c. Similarly, the microcontroller 313 controls a switch 315
which determines what type of further demodulation is performed on the data signal. More
specificailly, the mobile terminal includes an array of selectable demodulators 316.
Demodulators 316a and 316b are conventional and perform BPSK and QPSK demodulation,
respectively. Depending on whether the mobile terminal 230 is to be set to receive data at
the fast, mid or slow data transmission rate, the microcontroller 313 adjusts the paosition of
switch 315 accordingly. If the mobile terminal 230 intends to receive data at the fast data
rate, the switch 315 couples the output from the decoder bank 308 to QPSK demodulator
316b. On the other hand, if the mobile terminal 230 is to receive data at the mid or slow data
rates, the switch 315 connects the signal on line 311 to the BPSK demodulator 316a. The
data which is output from the demodulators 316a,316b is then provided on the RECEIVE
DATA line to the microcontroller 313 for appropriate processing based on the given
application.

In order for the mobile terminal 230 to transmit data, the microcontroller 313 provides data
to be transmitted onto a TRANSMIT DATA line. The TRANSMIT DATA line is connected to
a controllable switch 317 which determines the manner in which the transmit data is
modulated. More specifically, the mobile terminal 230 includes a bank of modulators 318
including BPSK and QPSK modulators 318a and 318b, respectively. In the event data is to
be transmitted by the mobile terminal 230 at the fast rate, the microcontroller 313 causes the
switch 317 to couple the transmit data to the input of the QPSK modulator 318b.
Altematively, if the data is to be transmitted at the mid or siow rates, the data is connected
to the input of the BPSK moduiator 318a via the switch 317.

The BPSK or QPSK modulated data from modulators 318a, 318b is output onto line 319
which serves as the input for a programmable PN encoder 320 included in the mobile
terminal 230. Specifically, the PN encoder 320 includes a programmable PN code sequencer
321 which provides the appropriate PN code for mixing (via mixer 322) with the data on line
319 to be PN code modulated. The programmable PN code sequencer 321 can be any
digital logic circuit designed to generate a PN code sequence at the desired chip length and
chipping rate. The programmable PN code sequencer 321 of this embodiment utilizes a shift
register to create the necessary PN codes. The programmable PN code sequencer 321
receives as control inputs a PN code select signal from the microcontroller 313 via line 323,
and a chip rate select signal provided from a timing controller 324 via line 329. The PN code

select signal defines the particular PN code to be used which. in the exemplary embodiment
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is either an 11 chip or 22 chip code. The chip rate select signal from the timing controller 324
determines the chipping rate of the PN code sequence produced by the sequencer 321. In
the exemplary embodiment, the chip rate select signal causes the PN code sequence output
from the programmable PN code sequencer 321 to have a chipping rate of 11 MHZ at all
times, but another embodiment could include varying the chipping rate as will be appreciated.

The timing controller 324, like the timing controller 312, is connected to the microcontroller

313 and is controlled thereby.

Accordingly, when the mobile terminal 230 transmits data at the fast or mid rates, the
microcontroller 313 provides a PN code select signal on line 323 indicating that the
programmable PN code sequencer 321 is to generate a PN code sequence having a PN
code length of 11 and a chipping rate of 11 MHZ. When the mobile termina!l 230 transmits
data at the slow rate, the microcontroller 313 provides a PN code select signal to the
programmable PN code sequencer 321 indicating that the programmable PN code sequencer
321 is to generate a PN code sequence having a PN code Iength of 22 and a chipping rate
of 11 MHZ. The output of the programmable PN code sequencer 321 is provided to mixer
322 where it is mixed with the data on line 319 to produce a PN spread spectrum signal on
line 329. The spread spectrum signal is then input to a conventional RF up-conversion circuit

326 which mixes the signal onto an RF carrier prior to being provided to an RF output

amplifier 327. The RF signal is amplified by the amplifier 327, and the output of the amplifier .

is provided to the transmit terminal of the switch 305. During a transmit mode, the
microcontroller 313 causes the switch 305 to couple the output of the amplifier 327 to the
antenna 290 so that the signal is transmitted. During the receive mode, of course, the switch
305 is controlied by the microcontroller 313 to couple the signal from the antenna 290 to the
RF down conversion circuit 306.

The RF output amplifier 327 in the preferred embodiment has an adjustable gain which
is controfied by the microcontroiler 313 via line 328. In the event the microcontroller 313
elects to increase the power level at which the RF signal is transmitted from the antenna 290,
the microcontroiler 313 can increase the gain of the amplifier 327 Conversely, if the
microcontroller 313 elects to reduce the transmit power level, the microcontroiler 313 reduces
the gain of the ampilifier 327.

In addition to the above described receiver and transmitter systems, the mobile terminal
230 includes a memory 330 which stores, for example. code which is executed by the
microcontroller 313 for carrying out the functions described herein. It will be readily apparent
to those having ordinary skill in the art of microprocessor programming how the

microcontroller 313 can be programmed in order to carry out such functions based on the

25



10

15

20

25

30

35

A g

WO 97/21294 PCT/US96/19336

description provided herein. Furthermore, the memory 330 may include application code,
data, etc., as is conventional. The mobile terminal 230 also includes a user input 331 such
as a keypad, touch dispiay, LCD, etc., which can be used for inputting or viewing information.
The mobile terminal 230 includes a power supply 332 which provides the power for
operating the mobile terminal 230. Typically, the power supply 332 consists of a battery pack
which is either replaceable or rechargeable. The output of the power supply 332 is monitored
by a power level detector 333 which measures the voltage and/or current delivered by the
power supply 332 to the mobile terminal 230. In the exemplary embodiment, the power level
detector 333 detects if the voltage provided by the power supply 332 falis below a
predetermined threshold. If this occurs, the power level detector 333 provides a signal to the
microcontroller 313 to inform the microcontroller 313 that the power level is low. The
microcontroller 313 may then take predetemmined action such as reducing the transmit power
level by reducing the gain of the amplifier 327, thus reducing power consumption.
Furthermore. the mobile terminal 230 includes a signal level detector circuit 335 which
detects the signal level of the signal received via the antenna 290 from a base station, for
example. In the preferred embodiment, the signal level detector 335 is designed to provide
an output signal to the microcontroller 313 in the event the signal level of the received signa!l
exceeds a predetermined level (thereby indicating the base station is in close proximity).
Upon receiving such a signal, the microcontroller 313 may elect to reduce the gain of the
amplifier 327 for transmitting information back to the base station. This enabies the mobile
terminal 230 to conserve power and/or avoid saturating the front end of the base station 210.
Regarding the base station 210, Figure 3C shows an exemplary embodiment having
various aspects of the present invention. The base station 210 is driven by a microcontroiter
generally'designated 350. As discussed above, the base station 210 may include two or
more different antennas 290 and 292. Additionally, the base station 210 may include
antenna selection circuitry which in this embodiment is generally represented by a
microcomputer 350, and a switch 351. The microcontroller 350 deterrnines which antenna
is utilized during any particular transmission or reception by way of the switch 351 controlled
by the microcontrolier 350. The state of the switch 351 determines which of the antennas
290.292 is selectively coupled to the antenna terminal of the receive/transmit switch 352.
The receive/transmit switch 352 is identical in operation to the switch 305 described in
connection with the mobile terminal in Figure 3B. The output of the receive/transmit switch
352, i.e., the receive terminal, is connected to the input of an RF down-conversion circuit 353.
The operatioh of the RF down-conversion circuit 353 is identical to that of the corresponding

RF down-conversion circuit 306 in the mobile terminal 230.
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Thus, RF signals which are received by the base station 210 from a mobile unit 230 are
received via either antenna 290 or 292, and are input to the RF down-conversion circuit 353
via the receive/transmit switch 352. Like the transmitter system in the mobile terminat 230,
the base station includes a bank 354 of PN code spread spectrum decoders 354a-354c.
Each are of conventional design and together with timing controiler 355 are identical in
operation to the decoders 308a-308c and timing controller 312 in the mobile terminal 230,
respectively. In other words, the decoders 354a and 354b are each configured according to
conventional techniques to decode a PN coded spread spectrum signal having a PN code
length of 11 and a chipping rate of 11 MHZ. Decoder 354c is configured to decode a PN )
coded signat having a PN code length of 22 and a chipping rate of 11 MHZ. Each decoder
generally includes a mixer 355 and an integrator 356, and receives appropriate timing signals
(PN1-PN3) and control via the timing controller 355.

Unlike the mobile terminal 230, however, the transmitter system of the base station 210
does not include a switch for selecting which of the decoders 354a-354c receive the output
from the RF down-conversion circuit 353. This is because in the exemplary embodiment it
is predetermined that the mobite terminal 230 will know that data validly received from the
base station will initially be transmitted at a particular rate as discussed more fully below.
Hence, the microcontroller 313 in the mobile terminal 230 knows initially how to set switches
314 and 315 such that the data is decoded in accordance with the particular data rate. The
base station 210, on the other hand, does not always know the transmission rate at which
data will be received. Consequently, the output from the RF down-conversion circuit 353 is
input to each of the decoders 354a-354c in parallel. The outputs of each of the decoders
354a-354c are provided to a circuit 357 for seiecting the output from the decoders 354a-354c
which exhibits the best correlation between the signal which is received by the decoder and
the particular PN code sequence and rate for which it is designed. As will be appreciated by
those having ordinary skill in the art, the decoder which receives the PN coded spread
spectrum signal having a data transmission rate corresponding to the that for which the
decoder is designed, will exhibit the best correlation at its output. The circuit 357 can be a
logic array and/or a switch or muitiplexer which automatically coupies the output of the
decoder 354a-354c exhibiting the best correlation onto line 358. In addition, the circuit 357
is designed to provide an output to the microcontroller 350 via line 359 indicating the PN code
length and the chipping rate of the received signal by virtue of knowing which decoder 354a-
354c produced the best correlation. In other words, if the decoder 354a provides the best
correlation, it is known that the data transmission rate of the received signal is fast. If the

decoder 354b provides the best correiation, it is known that the data transmission rate is mid.
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Finally, if the decoder 354c provides the best correlation, it is known that the data
transmission rate is slow.

The output on iine 358 from the circuit 357 is connected to the pole of switch 361. The
microcontrolier 350 controls the position of the switch 361 so as to determine whether the
decoded spread spectrum signal on line 358 is input to a BPSK demodulator 362a or a QPSK
demodulator 362b. Thus, if the signal received from the mobile terminal is at the mid or siow
data rate as determined by the circuit 357 initially at least, the microcontroller 350 causes the
switch to couple the signal on line 358 to the input of the BPSK demodulator 362a. On the
other hand, if the signal received from the mobile terminal is at the fast rate, the
microcontroller 350 causes the switch 361 to couple the signal on line 358 to the input of the
QPSK demodulator 362b. The BPSK and QPSK demodutators 362a and 362b, respectively,
are conventional in design. The output of each demodulator 3623,362b is connected to a
RECEIVE DATA line which provides the demodulated data to the data input of the
microcantrotier 350.

It will be appreciated that in the present embodiment, decoders 354a and 354b for the
fast and mid data rates are each configured for processing a PN code having a code length
of 11 and a chipping rate of 11 MHZ. Hence, whether the data received by the base station
210 has been transmitted at the fast rate or the mid rate, the outputs of both decoders 354a
and 354b should show good correlation. Consequently, the decoders 354a and 354b can
either be combined into a common unit or the circuit 357 can be designed to select one of
the two by default in the event both show good correlation. In either case, however, the
information provided to the microcontroller 350 from the circuit 357 via line 359 distinguishes
only whether the data transmission is at the slow rate or is at a mid/fast rate. The circuit 357
cannot distinguish between the mid and fast rates based only on the outputs of the decoders
354a and 354b. As a result, the “normal" or default position of the switch 361 is in the
position whereby the signal on line 358 is coupled to the input of the BPSK demodulator
362a. According to the exemplary embodiment as described herein, the mobile terminals are
configured to initially transmit the header portion 302 of the packet at the mid or slow data
transmission rate. Consequently, the data will be correctly demedulated. Thereafter,
information contained in the data packet received from the mobile terminal will provide the
micracontroiler 350 with information as to the appropriate data transmission rate.

The transmitter system of the base station 210 is functionally equivalent to the transmitter
system of the mobile terminal 230 described above. In other words. data to be transmitted
is output from the microcontroller 350 onto the TRANSMIT DATA line. The data on the
TRANSMIT DATA line is selectively connected via switch 365 to either the input of BPSK
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modulator 366a or the input of QPSK modulator 366b. In the event data is to be transmitted
at the fast rate, the microcontroiler 350 causes the switch 365 to couple the data to be
transmitted to the QPSK modulator 366b. [f data is to be transmitted at the mid or slow rates,
the microcontroller 350 causes the switch 365 to coupie the data on the TRANSMIT DATA
line to the BPSK modulator 366a.

Like the mobile terminal 230, the base station 210 includes a programmable PN encoder
320 which is identical in construction and operation. Consequently, the details thereof will
not be repeated for sake of brevity. It suffices to say that when the base station 210 elects
to transmit data at the fast or rate, the microcontroller 350 provides to the programmabie PN
code sequencer 321 a PN code select signal identifying the PN code with a code fength of
11. In addition, the microcontroller 350 provides a chip rate select signal via the timing
controller 324 to the programmable PN code sequencer 321, the chip rate select signal being
representative of a chipping rate of 11 MHZ. When the base station is to transmit data at the
slow rate, the microcontrolier 350 provides the same chip rate select signal representative
of 11 MHZ,; however, the PN code select signai provided by the microcontrotler 350 has a
code length of 22 rather than 11. The programmable PN code sequencer 321, in turn,
generates a PN code sequence with the appropriate PN code and chipping rate which is then
mixed via the mixer 322 with the modulated outputs from the BPSK and QPSK modulators:
366a, 366b.

The resultant PN spread spectrum signal is then output on line 329 so as to be an input
to the RF up-conversion circuit 368. Like the RF up-conversion circuit 326 in the. mobile
terminal, the circuit 368 is conventional in design and mixes the PN spread spectrum signal
onto an RF camer. The output of the RF up-conversion circuit 326 is provided to the input
of an adjustable gain RF output amplifier 369. The output of the amplifier 326 is coupled to

the transmit terminal of the receive/transmit switch 352 such that the spread spectrum RF

signal can be transmitted via one of the antennas 290 or 292.

The gain of the RF output amplifier 369 is controlled by the microcontroller 350 so as to
increase or decrease the transmit power level of the base station 210. For example, the base
station 210 includes a signal level detector circuit 370. The signal level detector circuit 370
detects the level of the signal received via the output of the receive/transmit switch 352 for
example. If the signal level is below a predetermined threshold. for example, indicating that
the mobile terminal is far away, the signal level detector circuit 370 sends a “low power"
contro! signal to the microcontroller 350. The microcontroller 350 may in turn increase the
gain of the amplifier 369. In addition, or in the aitemative, the microcontroller 350 may switch

from the antenna 290 to the higher gain antenna 292 via the switch 351. If the signai level
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detected by the signal level detector circuit 370 is above another predetermined threshold,
thereby indicating that the mobile terminal is close, the signal level detector circuit 370
provides a "high power" control signal to the microcontrolier 350. In response, the
microcontroller 350 can reduce the gain of the RF output amplifier 369 so as to avoid the
possibility of saturating the front end of the mobite terminal. In addition, or in the alternative,
the microcontroller 350 may cause the base station 210 to switch from a higher gain antenna
to a lower gain antenna via the switch 351.

The base station 210 also includes a memory 370 serving as system memory for the
microcontroller 350 and which is substantially identical in function to the memory 330
described above in connection with the mobile terminal. in addition, the base station may
include a user interface 372 such as a keypad, display, etc.

Also included in the base station 210 is a power supply 374 for providing the necessary
power for operating the device. In the conventional case. the power supply can be based on
power received from conventional power lines (not shown). However, it will be appreciated
that all or part of the features shown in Figure 3C also apply to the above discussed wireless
base stations 215. Hence the power supply 374 can also be a solar powered, rechargeable
battery based system as is discussed below in more detail in relation to Figure 6B.
Furthermore, in another embodiment of the invention, the base station includes an error
correction circuit as part of the receiver system as represented by phantom box 378.
Particularly in the case where the base station is a wireless base station 215, it is desirabie
to include an error correction circuit 378 for reducing errors in the received data. The circuit
378 can be of conventional design, but it is preferably inciuded in wireless base stations 215
which are used as repeater stations. As is discussed more fully below, it is significant that
wireless base stations 215 which serve as repeaters include such an error correction circuit
378. In this manner, the total number of errors which occur during multiple hops can be
decreased.

Although the above embodiments of the mobile terminal 230 and the base stations
210,215 where described as using the same chipping rate regardless of whether the data is
being transmitted at a fast, mid or slow rate. it will be appreciated that another embodiment
may involve adjusting the chipping rates via the appropriate timing controiler. Similarly,
although the above embodiments are designed primarily using discrete hardware
components, it will be appreciated that the majority of functions can be camied out primarily
via software without departing from the scope of the invention. Also, although the receiver
system in both the mobile terminal 230 and the base station 210,215 was described as a

bank of decoders operating in parallel, it will be appreciated that another embodiment of the
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invention may use a serial type receiver which adjusts the timing of the PN signal provided
to the mixer until a valid signal is found. .

Furthermore, the exemplary embodiment .utilized BPSK and QPSK modulation
techniques. Nevertheless. other modulation techniques can be substituted or added as
conditions dictate. For example, a QAM modulation scheme may be utilized in addition to
BPSK and QPSK. Hence, the present invention is not intended to be limited to any particular
combination necessarily. Figures 7A-7E and BA-8BE discussed below illustrate additional
embodiments of the present invention. _

The above discussion of Figures 3B and 3C describes in detail exemplary hardware
configurations of the mobile terminals 230 and base stations 210,215. The following
description explains in more detail the relevant protocois involved.

Figure 4A is a flowchart that represents the process by which a mobile terminal 230

registers with a base station 210 hardwired to the backbone and selects an initial data rate

to be used for communicating with the base station. The Figure 4A flow chart is based on
situations where all responding base stations 210 are hardwired to the backbone 260 while
Figure 4B shows the steps taken when one or more responding base stations are wireless.
At step 410 in Figure 4A, the mobile terminal 230 sets its initial rate at which it will attempt
to register with one of the base stations. The initial rate set may simpiy default to a fast rate
6r be set in accordance with the rate at which previous communications have occurred or be
set by any other criteria including a transmission rate known to be within the capability of
certain base stations. At step 420, the mobile terminal 230 broadcasts a request to register
a packet known as the “find router” packet to any base station 210, 211, 215' available to
receive the broadcast. The “find router” packet includes information indicating to any base
stations 210, 211, 215 within recetving range of the broadcast that the particular mobile
terminal 230 is seeking to register with a base station. The base stations which receive the
packet, in turn, are programmed to transmit a "router identification” packet to any mobile
terminals 230 from which they receive a “find router’ packet. These “router identification”
packets include information as to the identity of the base station, the amount of use (or
“load”) on the base station, and an indication of the relative location of the base station in the
system 200. The information related to the location of the base station indicates to the
mobile terminal how many "hops” the responding base station is from the system backbone
260. Base stations hardwired to the network are considered a single “hop” for the mobile
terminal, whereas each additionai wireless base station 215 used to access the network adds
a "hop” through which the mobile terminal must communicate in order to access the
backbone 260.
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At step 430, the mobile terminal 230 waits for a preset period of time and determines
whether a “router identification” signal has been received from at least one base station
210,211,215. If no “router identification” is received. then the mobile terminal 230 proceeds
to step 440. At step 440, it is determined whether the particutar embodiment of the mobile
terminal 230 in use has the capability of communication at a slower rate. it is possible, then
at step 450 data transmission rate parameters within the mobile terminal 230 are changed
to slow the data transmission rate, thereby increasing the signai range, and proceeds back
to step 420 and attempts to register with a base station 210 at the slower transmission rate.
i it is not possible to siow the communication rate, then the mobile terminal proceeds back
to step 420 where it retransmits its “find router."

If, at step 430, the mobile terminal 230 receives a "router identification” signal, then the
terminal proceeds to step 460. At step 460, the mobile terminal 230 determines if the
responding base station 210 is acceptable. When ail the responding base stations 210 are
hardwired to the backbone 260 (i.e. a completely single “hop” network), then there are two
instances when the responding base station 210 would be acceptable: (1) when the request
to register signal was sent at the fastest rate, or (2) when the request to register was not sent
at the fastest rate, however, there was no acceptance at an already attempted faster rate.
If the mobile terminal 230 receives more then one acceptable “router identification” packet
in step 460 then the mobile terminal 230 is programmed to evaluate the packets according
10 predetermine criteria in order to select a base station 210 with which to register. Such
predetermined criteria may be based on, for example. which base station 210 exhibits the
lowest load. The mobile terminal 230 will then proceed to step 480 where it will register with
the base station 210 selected.

If the respondin'g base station 210 is not acceptable, then the mobile terminal 230 will
proceed to step 470 where the mobile terminal parameters are modified to send the "request
to register” at a faster rate and then proceeds back to step 420 where it attempts to register
at the faster rate. The purpose of the step 420 is to help optimize the system by ensuring
that the base station with the strongest signal is being used.

In a multiple “hop” cellular communication system 200 having one or more wireless base
stations responding to a mobile terminal’s 230 “find router” packet, determining whether a
given base station 210 is acceptable is slightly more complex. Fig. 48 depicts the steps
taken by a mobile terminal when at least one wireless base station 215 responds to the
mobile terminal’s “find router” packet. As shown in Fig. 4B, steps 410B through 4508 remain
unchanged from corresponding steps 410 through 450 in the process described above

dealing with the situation where all responding base stations are hardwired to the network.
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However, in this situation determining whether to register with a given base station, it is not
enough that the mobile terminal is communicating at the fastest possible rate with any base
station. What must be determined is at what speed the mobile terminal 230 must transmit
information in order to register with a base station 210, 215 which will provide the fastest
“overall” transmission time to the network. When wireless base stations 215 are involved,
the overall time it takes a mobile terminal 230 to access the network will include the time it
tékes to send a packet from the mobile terminal 230 to the wireless base station 215,
processing (or queuing) time for the wireless base station 215, and the time it takes the
wireless base station to send the packet to the network. For instance, if a mobile terminal
230 is communicating with a wireless base station 215 at the fastest possibie rate. a further
inquiry must be made to determine what speed the wireless base station 215 is
communicating with the network. If the wireless base station 215 is communicating at a siow
speed with the network, it may be more optimal for the mobile terminal 230 to reduce its own
communicating parameters and attempt to directly communicate with a base station 210
hardwired to the network. If this is done, the time it takes to send the information to the
wireless base station 215 plus the processing time needed by the wireiess base station is
eliminated.

In order to account for these extra parameters associated with wireless base stations
215, lookup tabies may be maintained within the memory of each mobile terminal 230. The
lookup tables are set up to allow the mobile terminals 230 the ability to determine the overail
time it would take to send information o the network via a given route. An example lookup

table may be as follows:
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Assume time for High speed= x, Medium speed= 2x, slow speed = 4x, and queuing

time = 1x

Wireless base
station to network
= High

Wireless base
station to network

= Medium

Wireless base
station to network

= Slow

Mobile to wireless
base station =
High

Time equals:

x+x+. 1x = 2.1x

Time equals:

x+2x+.1x = 3.1x

Time equals:

X+4x+ 1% = 5 1x

Mobile to wireless
base station =
Med.

Time equals:

2x+x+.1x = 3.1x

Time equals:

2x+2x+.1x = 4. 1x

Time equals:

2x+4Ax+. 1x = 6.1x

Mobile to wireless

base station =

Time equals:

4x+x+. 1x = 5.1x

Time equals:

4x+2x+.1x = 6.1x

Time equals:

4x+4x+ 1x = 8.1x

Slow

The values from this lookup table can be compared with the amount of time it would take
if the mobile terminal 230 communicated directly with a hardwired base station 210, or the
lookup table could be used to compare the total time it would take to communicate via two
different wireless base station paths. In the preferred embodiment, the processor of the
mobile terminal 230 would be programmed to optimize communication time given these
calculations. As shown in Fig. 4B, in achieving these optimal settings, the mobile terminal
at step 4608 would initially determine if registering with one of the currently responding base
stations would necessarily allow for an optimal setting. Such may be the case if the mobile
terminal is transmitting at the fastest rate to a base station hardwired to the backbone. If the
optimal setting is possible, then at step 5008 registration is confirmed with this base station.
If more then one responding base station would provide optimal settings, then one base
station would be selected based on the mobile terminals predetermined criteria as discussed
above.

If at step 4608, it is not possible to definitively select an optimal responding base sfation.
then at step 4708 the responding base station providing the best time is stored in memory.
At step 480B, if the mobile terminal has sent out registration requests at all three speeds then
the mobile terminal compares the best responding base station times from each of the three
registration broadcasts. Following this comparison. the mobile terminal goes to step 500B
where it selects the most optimal base station. if at step 480B, the mobile terminal has not

sent out registrations at all three speeds then the transmission speed of the mobile terminal
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is adjusted to transmit at a faster rate if possible, or else at the slowest rate and the mobile
terminal proceeds back to step 420. In this manner, the fastest path to the network is
estabiished by reviewing the overall transmission time to the network at different rates.

Each wireless base station 210 transmits registration information to base stations with
which it formed a permanent link, as is discussed above.  Registration update packets are
sent out penodically by each wireless base station to each base station 210 forming a link
to the system backbone 260. Upon receiving the registration update packet, each base
station adds the mobile terminals indicated in the update packet into their own registration
table. In this manner, base stations hardwired to the network will know which packets to
copy off of the system backbone 260 and transmit to the mobile terminal via the permanent
link formed with the wireless base station(s).

Whenever information packets are wirelessly transmitted, there i1s a real possibility of
errors occurring within the packet. In situations where wireless base stations are used as
intermediate links between the network and a mobile terminal, the possibility of errors
occurring significantly increases since the information is being wirelessly transmitted and
received multiple times depending on the number of wireless base stations invoived.
Therefore, under the present invention, each wireless base station has an error correction
circuit 378 (Figure 3C) which is used to correct errors in the information packet received prior
to retransmitting the packet. In this manner, stacked errors which occur from the repeated
wireless transmission of data is better avoided.

Once the mobile terminal 230 is registered and an inittal data rate is set, all
communication between the base stations 210, 215 and the mobile terminal 230 may take
place at that data rate. Periodically, the mobile terminal 230 may attempt to re-register at a
faster data rate. Alternatively, the mobile terminal may vary the communication rate while
already registered. Figure 5 is a flowchart which represents this process. Step 510
represents the mobile terminal setting the communication parameters to correspond to the
data rate at which it wiil attempt communication with the base station 210, 215. The initial
setting may be a default rate, a rate previously used. a rate at which the mobile terminai 230
has recently intercepted a transmission from the base station, or a rate set by some other
criteria. At step 520, the mobile terminal 230 transmits a “find router’ packet at the rate set.
At step 530, the mobile terminal 230 then waits to receive a “‘router identification” response
signal from the base station 210. The base station 210 will send the response signal at the
same data rate or rates used by the mobile terminal 230. If no response signal is received
by the mobile terminal 230, it can be concluded that the base station 210, 215 did not receive

the transmission, or the transmission was not received error free. Therefore the mobile

35

ATIIMAAN | o



10

15

20

25

30

35

W0 97/21294 PCT/US96/19336

terminal 230 attempts to increase the range and accuracy by using a siower data rate. Step
540 represents the mobile terminal determining whether a slower rate is possible. If the
determination resuits in a positive answer, the mobile terminal 230 vanes communication
parameters to slow the rate at step 550 and retransmits at step 520. If a slower rate is not
possible, the mobile terminal 230 simply retums to step 520 to attempt another transmission.
To avoid an endless loop at the slowest data rate, the mobile terminal 230 may attempt to
register with another base station (as discussed earlier) when communication is no longer
possible with the present base station 210 or 215.

If, at step 530, a response signal is received within a preset period of time, then the
mobile terminal 230 proceeds to step 560. At step 560, the mobile terminail 230 determines
whether the response signal was received error free. |f not, then the mobile terminal
progresses to step 540 where it determines if a slower data rate is possible. However, if the
response signal is received error free, then the mobile terminal proceeds to step 570 where
it determines whether a faster communication rate with the base station 210 or 215 is
possible. Ifitis possible, then at step 580 one or more communication parameters within the
mobile terminal 230 are changed to increase the communication rate with the base station.
The new parameters are set at step 510 for use when transmitting the next packet. |f,
however, at step 570, it is not possible to increase the communication rate between the
mobile terminal and the base station, then the mobile terminal will simply keep the currently
set communication parameters at step 510.

As an illustrative exampte of a cellular communication system in accordance with this
invention, Figure 6A shows a mobile terminal 230 communicating with a device on the system
backbone 260. The mobile terminal is registered to a wireless base station 215 which has
formed a permanent link to the system backbone thro_ugh base station 210. Both the wireless
base station 215 and the hardwired base station 210 have the ability to dynamically alter
parameters such as modulation complexity, PN code length, and/or chipping rate in order to
optimize data transmission as discussed above. The wireless base station 215 increases
the geographic area in which the mobile terminal 230 can travel and still maintain contact with
devices on the system backbone 260. In order to further increase the distance from which
the wireless base station 215 can communicate with the base station 210, an omnidirectional
type antenna is directed toward the base station 210. in other embodiments, the two
antennas could be attached to the wireless base station, wherein one antenna is a yagi type
directed antenna for communicating with the hardwired base station. and a second antenna
is a omnidirectional type antenna for receiving and transmitting to the mobile terminal 230.

Although only one wireless base station 210 is shown to act as an intermediate fink between
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the mobile terminal 230 and the base station 210, it should be appreciated that several
wireless base stations 210 could be used in a row to further extend communicating range.

As descnbed above in the background section, oftentimes there are problems associated
with running power lines from the system backbone 260 to the wireless base station 215. To
avoid these problems, this invention utilizes a solar powering system 630 to provide power
to the wireless base station 215. In other embodiments, wind, water or other natural energy
resources could be used. Referring to Figure 6A, the solar powering system 630 includes
solar panels 640, charging circuitry 650, and a battery system 660. The charging circuitry 650
is coupled to the solar panels 640 and the battery system 660 and serves to regulate the
amount of power fed into the battery system 660 at any given time. The battery system 660
is coupled to the wireless base station 215 and provides power independent of any power
supplied through the system backbone 260. It should be appreciated that in another
embodiment the wireless base station 215 may connect directly to the charging circuitry 650
or the solar panel 640 itseif.

In this particular embodiment, a photovoitaic solar panel 640 having a number of cells 641
is used as shown in Figure 6B. The cells 641 are textured and have an anti-reflection coating
in order to better absorb energy from the sun. The overall size of the solar panel 640 is
approximately five square feet. The solar panel 640 should be of a type which can
sufficiently recharge the battery system 660 within a reasonabie amount of time determined
by the estimated amount of sun light expected in a given area. For example, in particutarty
sunny areas such as a desert it may be sufficient to have smaller or fewer solar panels 640
which recharge the battery system 660 at a slower rate since it is expected that the sun’s
energy can be captured by sotar panels 640 during a large part of the day. By contrast, in
areas where it may be cloudy during a greater portion 6f the day, larger solar paneis 640
capable of recharging the battery system 660 in a shorter period of time may be necessary
in order to ensure the solar powering system 630 remains reliable throughout various weather
conditions. In many typical climates having semi-unpredictable weather conditions, a solar
panel 640 such as the model M55 produced by Siemens of Camariilo, CA may be used. it
is estimated that this particular solar panel is capable of fully recharging the battery system
660, described in more below, after receiving approximately twenty four hours of full sun light.
it should be appreciated, however, that full sun light is not necessary to recharge the battery
system as the solar panels can still capture solar energy at a slower rates when conditions
do not allow for full sun light to be received.

The purpose of the battery system 660 is to store energy captured by the solar panels

640 for later use. In this particular embodiment, two 12-volt tead acid gel cell batteries
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connected in series are used to form the battery system 660. Each battery is rated to provide
90 amp-hours of power. At this rate. it is estimated that at full charge the battery system
containing these two batteries could supply approximately nine days of continuous power to
the wireiess base station 215 without any recharging. A variety other batteries capable of
supplying varying amounts of power could readily be used.

The charging circuitry 650 regulates the amount of energy fed into the battery system 660
and monitors the power level of the battery system 660. In order to perform these functions,
the charging circuitry 650 includes voitage regulating circuitry 651 and current monitoring
circuitry 652. The voltage regulating circuitry 651 connects the solar panels to the battery
system 660 and provides constant voltage to the battery system 660 during recharging. The
monitoring circuitry 652 reguiates when recharging is to occur and is therefore connected to
the voltage regulating circuitry 651. The monitoring circuitry is further connected to the
output of the battery system 660 in order to monitor the amount of power being drained by
the wireless base station 215. The monitoring circuitry 652 is set to allow solar based energy
to enter the battery system 660 for recharging when the monitoring circuitry 650 senses the
battery system 660 has dropped below a charge resumption set point. In this particular
embodiment, the charge resumption set point is set at 18 volts which represents a lower end
voltage level at which the wireless base station can still operate properly. Charging circuitry
650 such as the Automatic Sequencing Charger (ASC) produced by Specialty Concepts, Inc
of Canoga Park, CA could be used in this invention.

The amount of power consumed by a typical wireless base station 215 will greatly vary
by the amount of activity being processed. It is estimated that the amount of power needed
to run an wireless base station in its idle state is .25 amps at 22 volts. During an active state,
such as when the wireless base station is transmitting or receiving information, approximately
.5 amps is needed at the same voltage level. In any event, by utilizing the solar powering
system 630, the power requirements for the wireless base station 215 of this exemplary
embodiment will be met.

Generally, as described above, the transmitter system 610 and the receiver system 620
of the base stations 210, wireless base station 215 and mobile terminal 230 will adjust their
parameters in order to optimize the system 200. Thus, the following sections describe in
detail a variety of embodiments which the transmitter system 610 and receiver system 620
may use in adjusting these data rates.

Figures 3B and 3C. discussed above, illustrate only one example of embodiments of a
mobile terminal 230 and a base station 210,215 in accordance with the invention. There are.

in fact, a variety of ways in which similar flexibility in the data transmission characteristics can
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be obtained. The following is a discussion which generally describes different embodiments
of a transmitter system and a receiver system for use in the mobile terminals and base
stations.

The transmitter system, generally designated 610, of the present invention may be
impiemented in a number of embodiments. For example, refemng to Figures 7A, 7B, and 7C,
these embodiments may include two or more non-controllable transmitters 710a, a
controllable transmitter 710b, and a combination of a non-controllable transmitter 710a and
a controflable transmitter 710a. A non-controllable transmitter 710a, as shown in Figure 7D
for example and described in further detail below, is a transmitter which is typically used in
conventional base stations 211 and conventional mobile terminals 231 because it is capable
of transmitting PN coded signals formed with PN codes having only one preselected, non-
adjustable value of each characteristic. On the other hand, a controllable transmitter 710b,
as shown in Figure 7E and described in more detail below, is a transmitter capable of
transmitting PN coded signals formed with PN codes having a plurality of adjustabie values
for one or more modulation characteristics.

Figure 7A illustrates one of the embodiments of the transmitter system 610. For this
embodiment, the transmitter system 610 includes a plurality of non-controllable transmitters
710a, a microprocessor 730 and an antenna 750. Each non-controliable transmitter 710a is
capable of transmitting at a packet rate that is different than the values selected for each of
the other non-controltable transmitters 710a. As is discussed above, the header portion 310
and the data portion 320 of the packet 300 may be sent at different data transmission rates
and, therefore, each packet rate represents a different combination of these possibilities.
Once a packet rate has been determined (via the processes described with reference to
Figures 4 and 5), a microprocessor 730 will prepare for transmission by seiecting the non-
controllable transmitter 710a capable of transmitting at this rate.

Figure 7B illustrates another embodiment of the transmitter system 610. This
embodiment is very similar to the transmitter system 610 shown in Figure 7A. However, this
transmitter system 610 includes a controllable transmitter 710b, as opposed to a plurality of
non-controliable transmitters 710a. Thus, in preparing for transmission, the microprocessor
730 will make adjustments to the controllable transmitter 710b such that it is capable of
transmitting at the given packet rate.

Figure 7C illustrates yet another embodiment of the transmitter system 610. This
embodiment is also very similar to the transmitter systems 610 illustrated above in Figures
7A and 7B. However, this transmitter system 610 includes a non-controltabie transmitter

710a and a controflable transmitter 710b. [n preparing for transmission, the microprocessor
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730 will first look to see if any non-controllable transmitter 710a is capable of sending at the
given packet rate and, if so, the microprocessor 730 selects this transmitter. However, if no
such non-controllable transmitter exists, then the microprocessor 730 will adjust the
controliable transmitter 710b to send at the given packet rate.

Following the selection or adjustment of the proper transmitter in any of the embodiments
shown above (7A, 7B, 7C), the microprocessor 730 may also adjust other communication
parameters (i.e. antenna type, signal power, etc.) prior to transmission. Once ail of these
additional characteristics are adjusted for, the transmitter selected prepares to transmit
according to the parameters set.

Figures 7D and 7E, are block diagrams of the non-controllable transmitter 710a and the
controilable transmitter 710b. Referring to Figure 7D, the non-controllable transmitter 710a
generally includes a static PN code sequencer 713, a mixer 714 and a modulator 716. The
mixer 714 receives the data to be transmitted and mixes the data with a PN code received
from the static PN code sequencer 713, which is a PN code sequencer capable of
sequencing a PN code having only constant parameters (i.e. chip code length, chipping
rate...etc.). The mixer 714 then mixes the data with the PN code to form the PN coded signal
and forwards the PN coded signal to the modulator 716. The modulator 716 then modulates
the PN coded signal onto a carrier frequency with, for example, a BPSK or QPSK modulation
complexity type.

Refermring to Figure 7E, the controllable transmitter 710b generalily includes an adjustable
PN code sequencer 712, a mixer 714 and a modulator 716. In operation, the adjustable PN
code sequencer 712, which is a PN code sequencer capable of adjusting a PN code to a
variety of parameters, receives a signal from the microprocessor 730 indicating the
parameters to be set. This signal is then used to adjust the PN code values of the PN code
sequencer 712 accordingly. The PN code sequencer 712 then forwards to the mixer 714 a
PN code having the parameters selected. The mixer 714 receives data to be transmitted and
mixes the data with the PN code received from the adjustable PN code sequencer 712. The
mixer 714 then mixes the data with the PN code to form the PN coded signal and forwards
the PN coded signal to the modulator 716. The modulator 716 then modulates the PN coded
signal onto a carner frequency with one of the modulation complexities.

Associated with each transmitter system 610 is a receiver system 620 using the same
antenna 750 and microprocessor 730. However, unlike the transmitter systems, a receiver
system is required to maintain certain characteristics when housed in a base station 210
which are not necessary for receiver systems housed in mobile terminals. The reason for the

difference is that base station receivers, under this embodiment, are initially required to
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handle packets being sent at either the mid or slow packet rates (r.e. BPSK modulation and
either an 11 or 22 chip PN code length, see above). Thus, in order to handle either instance,
the base station receiver system must have at least two correlators to account for the
different chip code lengths. A mobile terminal 230, on the other hand, iniﬁates the
communication with a base station 210 at a specific rate and any responding base station
must reply at the same rate. Therefore. the mobile terminal receiver will not have to "guess"
as to which rate the base station will respond and only needs one correlator to effectively
communicate.

Similar to the transmitter system 610. the receiver system 620 of the present invention
may also be implemented in a multitude of embodiments with the only restriction being that
receiver systems for base stations must have at least two separate correlators, one of which
is capable of handling a slow packet data transmission rate and one of which is capable of
handling a mid packet data transmission rate. As described below, each receiver typically
has only one correlator associated with it and. therefore, the receiver system 620 must have
at least two receivers within it. However, since the initial packet is always sent at the BPSK
rate (i.e. mid or slow rates) only one demodulator is needed to handie this initial data. If it
is indicated that further data will be sent at the fast packet rate, then a second demodulator
capable of handling a QPSK modulation complexity would be necessary.

Figures 8A and BB show typical embodiments of the receiver system 620 of the present
invention which may be used within a base station 210 or a mobile terminal 230. For
instance, Figure 8A shows the receiver system 620 with a combination of two or more non-
controllable receivers 810a, while Figure 8B shows the receiver system 620 having
combination of a controllable receiver 810b and a non-controllable receiver 810a. As
describe below, non-controllable receivers 810a are ones which do not have the capability
of changing their own parameters to receive packets at data communication rates other then
the rate preset within the particutar non-controllable receiver. The controllable receivers
810b, on the other hand, have at least some capability to vary their receiving parameters to
be able to receive packets at more then one data communication rate.

In operation, when only non-controllable receivers 810a are used in the receiver system
620 (see Figure 8A), the microprocessor 730 will simply setect the non-controilabie receiver
810a capable of handling the packet to be received. If no such non-controllable receiver
810a exists, then the receiver system 620 would not be capable of receiving this packet. If,
however, both a non-controllabte receiver 810a and a controllable receiver 810b exist in the
same receiver system 620 (see Figure 8B), then the‘microprocessor 730 first determines

whether the non-controllable receiver 810a is capable of handling the packet to be received.
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If so, the microprocessor 730 selects this non-controliable receiver 810a. If the non-
controliable receiver 810a is not capable of handling the packet, then the microprocessor 730
will simply adjust the controllable receiver 810b such that it is capéble of receiving the
anticipated packet. Following this selection/adjustment process, the microprocessor 730 may
also make adjustments to other parameters which may help the receiving process (i.e.,
changes to the antenna, battery power, etc.).

As indicated above, since the mobile terminal 230 does not require two correlators, if is
possible that only one receiver is used within the mobile terminal. Therefore, Figure 8C
depicts another embodiment which is available for the mobile terminai only. In this
embodiment, the receiver system 620 utilizes only one controllable receiver 810b which is
continually adjusted by the microprocessor 130 to receive packets at the desired rate.

Figures 8D and 8E further describe the non-controllable receiver 810a and the
controliable receiver 810b, respectively. Referring to Figure 8D, the non-controllabie
receiver 810a generally includes a demodulator 814, a static PN code sequencer 817 and
a correlator 819. In operation, the particular non-controllable receiver 810a has been
selected by the microprocessor 730 because of its capability of receiving a packet having
certain values which correspond to those values transmitted from a transmitter system 610.

The demodulator 814 receives the modulated PN coded signal from the transmitter
system 610. The demodulator 814 demodulates the PN coded signal from the carrier
frequency and forwards the PN coded signal to the correlator 819. The correlator 819 also
receives a PN code received from the static PN code sequencer 817, which is a PN code
sequencer capable of sequencing a PN code having only constant values. The correlator
819 then uses the PN code to correlate the data (extract or decode the data) from the PN
coded signal.

Referring to Figure 8E, as described above, the receiver system 620 may aiso include
a controllabie receiver 810b which may be used instead of or in conjunction with the non-
controltable receivers 810a. The controllable receiver 810b is similar to the non-controflable
receiver 810a but is additionally capable of receiving PN coded signais formed with PN codes
having different values.

The controliable receiver 810b includes a demodulator 814, a filter (preferably a
baseband filter) 816, an adjustable PN code sequencer 818 and a correlator 819. n
operation, the demodulator 814 receives the modulated PN coded signal from the transmitter
system 610. The demodulator 814 demodulates the PN coded signal from the carrier
frequency and forwards the PN coded signal to the filter 816. Prior to receiving the PN coded

signal, the filter 816 receives the PN code chipping rate value signal from the microprocessor
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730 and adjusts its spectral bandwidth based on the PN code chipping rate value received.
Upon receipt of the PN coded signal, the filter 816 then filters the PN coded signal and
forwards the filtered PN coded signal to the correlator 819. Additionally, the adjustable PN
code sequencer 818 may also be feed through the filter 816 prior to entenng the correlator
819.

Prior to receiving the filtered PN coded signal, the correlator 819 receives a PN code
length signal form the microprocessor 730 and adjusts itself accordingly to corretate a PN
code having the PN chip code length value. In another embodiment, the correlator 819 is
actually a plurality of correlators 819 and the microprocessor 730 selects the correlator 819
capable of correlating a PN code having the selected PN code length value.

Upon receipt of the PN coded signal, the correlator 819 also receives a PN code from the
adjustable PN code sequencer B18, which is a PN code sequencer capable of adjusting a PN
code to a variety of values received form the microprocessor 730. The correlator 819 then
uses the PN code to correlate (decode) the data from the PN coded signal.

Another embodiment of the cellular communication system 200 of the present invention
includes a mobile terminal 230 and/or base station 210 that can vary its transmitting
parameters but not its receiving parameters. Conversely, such a system 200 may have a
mobile terminal 230 and/or a base station 210 that can vary only its receiving parameters but
not its transmitting parameters.

What has been described above are preferred embodiments of the present invention. It
is, of course, not possible to describe every conceivable combination of components or
methodologies for purposes of describing the present invention, but one of ordinary skill in
the art will recognize that many further combinations and permutations of the present

invention are possible.
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CLAIMS

1. A cellular communication system, comprising:

a plurality of base stations coupled to a system backbone, each of the base stations
comprising a base station receiver system for receiving wireless communications and a base
station transmitter system for transmitting wireless communications; and

a plurality of mobile terminals each for communicating with the system backbone by way
of at least one of the plurality of base stations, each of the plurality of mobile terminals having
a mobile terminal transmitter for transmitting wireless communications to the at least one of
the plurality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the plurality of base stations;

wherein, with respect to at least one of the mobiie terminais, at least one of the mobile
terminal transmitter systemm and the mobile terminal receiving system wirelessly
communicates with the at least one of the plurality of base stations by selectively transmitting
or receiving data according to any of a piurality of different PN code parameters.

2. The cellular communication system of claim 1, wherein the mobile terminal
transmitting system of the at least one mobile terminal is controllable to select any of a
plurality of different data transmission rates.

3. The cellular communication system of claim 2, wherein any of the plurality of
different data transmission rates is selected by way of at least one of selecting among
different PN code lengths and selecting among different chipping rates.

4, The cellular communication system of claim 1, wherein the mobile terminai
transmitting system of the at least one mobile terminal is controllable based on
communications received from the at least one of the pluraliity of base stations.

5. The cellular communication system of claim 4, wherein the controllable mobile
terminal transmitting system is configured to transmit initially at a first data transmission rate
and, based on communications received from the at ieast one of the pturality of base
stations, to transmit subsequently at a second data transmission rate.

6. The cellular communication system of claim 1, wherein the mobile terminal
receiving system of the at least one mobile terminal is controflable to select any of a plurality
of different data transmission rates.

7. The cellular communication system of claim 6, wherein any of the piurality of
different data transmission rates is selected by way of at least one of selecting among

different PN code lengths and selecting among different chipping rates.
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8. The cellular communication system of clam 1, wherein the base station
transmitting system and the base station receiving system of the at least one of the plurality
of base stations have generally fixed PN code parameters.

9. The cellutar communication system of claim 1, wherein at least one of the base
station transmitting system and the base station receiving system of the at least one of the
plurality of base stations wirelessly communicates with the at least one mobile terminal by
selectively transmitting or receiving data according to any of a plurality of different PN code
parameters.

10. The cellular communication system of claim 9, wherein the base station
transmitting system of the at least one base station is controllable to select any of a plurality
of different data transmission rates.

11. The cellular communication system of claim 10, wherein any of the plurality of
different data transmission rates is selected by way of at least one of selecting among
different PN code lengths and selecting among different chipping rates.

12. The cellular communication system of claim 10, wherein the base station
transmitting system is controliable based on communications received from the at least one
of the plurality of mobile terminals.

13. The cellular communication system of claim 1, wherein at least one of the plurality
of base stations is coupled to the system backbone by way of a wireless connection.

14. A cellular communication system, comprising:

a plurality of base stations coupled to a system backbone, each of the base spations
compnsing a base station receiver system for receiving wireless communications and a base
station transmitter system for transmitting wireless communications; and

a plurality of mobile terminals each for communicating with the system backbone by way
of at least one of the plurality of base stations, each of the plurality of mobile terminals having
a mobile terminal transmitter for transmitting wireless communications to the at least one of
the plurality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the plurality of base stations:

wherein, with respect to at least one of the mobile terminals, at least one of the mobile
terminal transmitter system and the mobile terminal receiving system wirelessty
communicates with the at least one of’the plurality of base stations by selectively transmitting
or receiving data according to any of a plurality of different transmission parameters based

on communications received from the at least one of the plurality of base stations.
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15. The celiular communication system of claim 14, wherein the mobile terminai
transmitting system of the at least one mobile terminal is controllable to select any of a
plurality of different data transmission rates.

16. The cellular communication system of claim 15, wherein any of the plurality of
different data transmission rates is selected by way of at least one of selecting among
different PN code lengths, selecting among different chipping rates, and selecting among
different modulation schemes.

17. The cellular communication system of claim 14, wherein the mobile terminal
receiving system of the at least one mobile terminal is controliable to select any of a plurality
of different data transmission rates.

18. The cellular communication system of claim 17, wherein any of the plurality of
different data transmission rates is selected by way of at least one of selecting among
different PN code lengths, selecting among different chipping rates, and selecting among
different modulation schemes.

19. The cellular communication system of claim 14, wherein the plurality of different
transmission parameters comprise different power levels at which data is transmitted.

20. The cellular communication system of claim 14, wherein the base station
transmitting system and the base station receiving system of the at least one of the plurality
of base stations have generally fixed transmission parameters.

21. The cellular communication system of claim 14, wherein at least one of the base
station transmitting system and the base station receiving system of the at least one of the
plurality of base stations wirelessly communicates with the at least one mobile terminal by
selectively transmitting or receiving data according to any of a plurality of different
transmission parameters.

22. The cellular communication system of claim 21, wherein the plurality of different
transmission parameters comprise different power levels at which data is transmitted.

23. The cellular communication system of claim 21, wherein the plurality of different
transmission parameters comprise different antennas used to receive or transmit data.

24, The cellular communication system of claim 14, wherein at least one of the
plurality of base stations is coupled to the system backbone by way of a wireless connection.

25. A cellular communication system, comprising:

a plurality of base stations coupled to a system backbone, each of the base stations
comprising a base station receiver system for receiving wireiess communications and a base

station transmitter system for transmitting wireless communications; and

46



i A, e

WO 97/21294 PCT/US96/19336

10

15

20

25

30

e s - il e B

a plurality of mobite terminals each for communicating with the system backbone by way
of at least one of the plurality of base stations, each of the plurality of mobile terminals having
a mobile terminal transmitter for transmitting wireiess communications to the at least one of
the plurality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the piurality of base stations:

wherein, with respect to at least one of the mobile terminals, at least one of the mobile
terminal transmitter system and the mobile terminal receiving system wirelessly
communicates with the at least one of the plurality of base stations by selectively transmitting
or receiving data according to any of a plurality of different transmission parameters; and .

wherein at least another one of the mobile terminais cannot vary any of its transmission
parameters.

26. The celiular communication system of ciaim 25, wherein the mobile terminal
transmitting system of the at least one mobile terminal is controllable to select any of a
plurality of different data transmission rates.

27. The cellular communication system of claim 25, wherein the mobile terminal
receiving system of the at least one mobile terminal is controilable to select any of a plurality
of different data transmission rates.

28. A celiular comrhunication system, comprising:

a plurality of base stations coupled to a system backbone, each of the base stations
comprising a base station receiver system for receiving wireless communications and a base
station transmitter system for transmitting wireless communications; and a

a plurality of mobile terminais each for communicating with the system backbone by way
of at least one of the piurality of base stations, each of the plurality of mobiie terminals having
a mobile terminal transmitter for transmitting wireless communications to the at least one of
the plurality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the plurality of base stations;

wherein, with respect to the at least one base station, at [east one of the base station
transmitter system and the base station receiving system wirelessly communicates with one
of the~mobile terminal; by selectively transmitting or receiving data according to any of a
plurality of different PN code parameters.

29. The cellular communication system of claim 28, wherein the at least one base

station is coupled to the system backbone by way of a wireless connection.
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30. The cellular communication system of claim 28. wherein the base station
transmitting system of the at teast one base station is controllable to select any of a plurality
of different data transmission rates.

31. The cellular communication system of claim 30, wherein any of the plurality of
different data transmission rates is selected by way of at least one of selecting among
different PN code lengths and selecting among different chipping rates.

32. A cellular communication system, comprising:

a plurality of base stations coupled to a system backbone, each of the base stations
comprising a base station receiver system for receiving wireless communications and a base
station transmitter system for transmitting wireless communications; and

a plurality of mabile terminals each for communicating with the system backbone by way
of at least one of the plurality of base stations, each of the plurality of mobile terminals having
a mobile terminal transmitter for transmitting wireless communications to the at least one of
the plurality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the plurality of base stations;

wherein, with respect to the at least one base station, at least one of the base station
transmitter system and the base station receiving system wirelessly communicates with one
of the mobile terminais by selectively transmitting or receiving data according to any of a
plurality of different transmission parameters based on communications receivéd from the
mobile terminal.

33. The cellular communication system of claim 32, wherein the base station receiving
system of the at least one base station is controliable to select any of a plurality of different
data transmission rates.

34. The cellular communication system of claim 33, wherein any of the plurality of
different data transmission rates is selected by way of at least one of selecting aonng
different PN code lengths and selecting among different chipping rates.

35. The cellular communication system of claim 32, wherein the at least one base
station is coupled to the system backbone by way of a wireless connection.

36. The celiular communication system of claim 32, wherein the base station
transmitting system of the at least one base station is controllable to select any of a plurality
of different data transmission rates.

37. The cellular communication system of claim 32, wherein any of the plurality of
different data transmission rates is selected by way of at least one of selecting among
different PN code lengths, seiecting among different chipping rates, and selecting among

different modulation schemes.
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38. A cellular communication system, comprising:

a plurality of base stations coupled to a system.backbone, each of the base stations
comprising a base station receiver system for receiving wireless communications and a base
station transmitter system for transmitting wireless communications; and

a plurality of mobile terminals each for communicating with the system backbone by way
of at least one of the plurality of base stations, each of the plurality of mobile terminals having
a mobile terminal transmitter for transmitting wireless communications to the at least one of
the piurality of base stations and a mobile terminal receiver system for receiving wireless
communications from the at least one of the plurality of base stations;

wherein, with respect to the at least one base station, at least one of the base station
transmittefsystem and the base station receiving system wirelessly communicates with one
of the mobile terminals by selectively transmitting or receiving data according to any of a
plurality of different transmission parameters; and wherein at least another one of the base
stations cannot vary any of its transmission parameters. :

39. The cellular communication system of claim 38, wherein the base station
transmitting system of the at least one base station is controllable to select any of a plurality
of different data transmission rates.

40. The cellular communication system of claim 38, wherein the base station receiving
system of the at least one base station is controllable to select any of a plurality of different
data transmission rates.

41, A mobile terminal for use in a cellular communication system having.:gt least one
base station coupled to a system backbone, the mobile terminal comprising:

a transmitting system for wirelessly communicating data to the base station: and

a receiving system for wirelessly receiving data from the base station,

wherein at least one of the transmitting system and the receiving system wirelessly
communicates with the base station by selectively transmitting or receiving data according
to any of a pluraiity of different transmission parameters based ocn communications received
from the base station.

42, The mobile terminal of claim 41, wherein the transmitting system is controllable
to select any of a plurality of different data transmission rates.

43, The mobile terminal of ciaim 42, wherein any of the plurality of different data
transmission rates is selected by way of at least one of selecting among different PN code
lengths, selecting among different chipping rates, and selecting among different modulation

schemes.
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44 The mobile terminal of claim 41, wherein the transmitting system is controllable
based on communications received from the base station.

45, The mobile terminal of claim 41, wherein the plurality of different transmission
parameters comprise different power levels at which data is transmitted.

46. A base station coupled to a system backbone for use in a cellular communication
system, the base station comprising:

a transmitting system for wirelessly communicating data to a mobile terminal included in
the cellular communication system; and

a receiving system for wirelessly receiving data from the mobile terminal;

wherein at least one of the transmitting system and the receiving system wirelessly
communicates with the mobile terminal by selectively transmitting or receiving data according
to any of a piurality of different transmission parameters based on communications received
from the mobile terminai.

47, The base station of claim 46, wherein the base station is coupled to the system
backbone by way of a wireless connection.

48, The base station of claim 46, wherein the transmitting system is controflable to
select any of a plurality of different data transmission rates.

49. The base station of claim 48, wherein any of the plurality of different data
transmission rates is selected by way of at least one of selecting among different PN code
lengths, selecting among different chipping rates, and selecting among different modulation
schemes.

50. The base station of claim 46, wherein the transmitting system is controllable
based on communications received from the mobile terminal.

51. The base station of claim 46, wherein the plurality of different transmission
parameters comprise different power levels at which data is transmitted.

52. A method of wireless communication between a mobile terminal and a base
station in a cellular communication system, comprising the steps of :

the mobile terminal transmitting data to the base station according to a first transmission
parameter and determining if the data has been validly received; and

the mobile terminal automatically transmitting data to the base station according to a
second transmission parameter which is different from the first transmission parameter if the
data is determined not to have been validly received.

53. The method of claim 52, wherein the difference between the first transmission
parameter and the second transmission parameter relates to at least one of PN code iength,

chipping rate, and modulation scheme.
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54. The method of claim 52, further compnsing the steps of the mobile terminatl
transmitting information to the base station regarding a desired data transmission rate, and
the base station automatically adjusting a transmission parameter in order to receive data
from the mobile unit at the desired data transmission rate.

55. The method of claim 54, wherein the base station adjusts at least one of a PN
code length, a chipping rate, and a modulation scheme.

56. A wireless base station for use in a cellular communication system having a
system backbone, comprising:

a communication system for performing wireless communications with devices in the
cellular communication system, including communicating with the system backbone by way
of wireless communications: and

a power supply for providing power to operate the wireless base station, the power supply
including a solar power device for deriving the power from solar energy.

57. The wireless base station of claim 56, the power supply further comprising a
battery system which is charged by the solar power device.

58. The wireless base station of claim 57, the power supply further comprising current
monitoning circuitry for monitoring the current delivered to the battery system from the solar
power device.

59. The wireless base station of claim 57, the power supply further comprnising voltage
reqgulating circuitry for reguiating the voltage delivered to the battery system from the solar
power device.

60. A wireless base station for use in a ceilular communication network having a
system backbone, comprising:

a communication system for performing wireless communications with devices in the
cellular communication network, said communication system receiving and transmitting
wireless communication between a first device and a second device in the cellular
communication network; and

an error correction system for correcting data errors in the wireless communication
received by the communication system prior to the communication system transmitting the
wireless communication.

61. A wireless base station for use in a cellular communication network comprising:

a communication system for performing wireless communications with devices in the
cellular communication network, said communication system being adapted for receiving and
transmitting wireless communication between a first device and a second device in the

celiular communication network: said communication system having a first antenna, a second
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antenna and antenna selection circuitry, wherein said antenna selection circuitry selects one

of said first antenna and second antenna for at least one of said receiving and or transmitting
wireless communication.
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